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T CELL EPITOPES OF RYEGRASS POLLEN ALLERGEN 

Background of the Invention! 

Allergens constitute the most abundant proteins of grass pollen, which is the major 

10 cause of allergic disease in temperate climates (Marsh (1975) Allergens and the genetics 
of allergy; in M. Sela (ed.). The Antigens, VoL 3, pp 271-359, Academic Press Inc., 
I^ndon, New York) , HiUetia. (1979) Met/Zca/^ The 
first descriptions of the allergenic proteins in ryegrass showed that they are 
immunochemically distinct, and are known as groups I, II, m and IV (Johnson and Marsh 

15 (1965) Nature, 206:935-942; and Johnson and Marsh (1966) Immunochemistry, 3:91-100), 
Using the International Union of Immunological Societies' (lUIS) nomenclature, these 
allergCTS are designated Lol p I, Lol p n, Lol p m and Lot /? IV. In addition, another 
inq>brtant Lolium perenne L. allergen that has been identified in the literature is Lol p IX 
which is also known as Lol pY or Lol p lb (Singh et al. (1991) Proc, Natl Acad. Sci, USA, 

20 88:1384-1388). 

These five proteins have been idratified in pollen ryegrass, Lolium perenne L., and 
act as antigens in triggering inomediate (Type 1) hypersensitivity in susceptible humans. 

Lolp V is defined as an aUergen because of its ability to bind to specific IgE in 
sera of ryegrass-sensitive patients, to act as an antigen in IgG responses and to trigger T- 

25 cell responses. The allergenic properties have been denK>nstrated by immunoblotting 

studies showing 80% of ryegrass pollen sensitive patients possessed specific IgE antibody 
that bound to Lol p V isoforms (PCT application publication number WO 93/04174, page 
65). These results indicate that Lol /? V is a major ryegrass allergen. 

Substantial allergenic cross-reactivity between grass pollens has been 

30 demonstrated using an IgE-bindmg assay, the radioallergo-sorbent test (RAST), for 
example, as described by Marsh et M- (1970) J. Allergy, 46, 107-121, and Lowenstein 
(1978) Prog. Allergy, 25, 1-62. (Karger, Basel). 

The immunochemical relationship of Lol p V with other grass pollen antigens have 
been demonstrated using both polyclonal and monoclonal antibodies (Zhang et al., Int 

35 Arch Allergy Appl Immunol 96:28-34 (1991); Roberts et al., Inu Arch Allergy Appl 
Immunol, 98:178-180 (1992); Mattheisen and Lowenst m. Clinical and Experimental 
Allergy, 21:309-320 (1991); and van Ree et al., /. Allergy Clin. Immunol 83:144-151 
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(1989)). Antibodies have been prepared to purified proteins that bind IgE componrats. 
These data demonstrate that a major allergen is present in pollen of closely related grasses 
is immunochemically similar to Lolp V and are generally characterized as Group V 
allergens. 

5 In view of the prevalence of ryegrass pollen allergens and related grass 

allergens all over the world, there is a pressing need for the development of 
compositions and methods that could be used in detecting sensitivities to Lolp V or 
other immunologically related grass allergens, or in treating sensitivities to such 
allergens, or in assisting in the manufacture of medicaments to treat such 

10 sensitivities. The present invention provides materials and methods having one or 
more of those utilities. 

Smnmarv of the Invention 

The present invention provides isolated peptides of Lol p V. Peptides within 
15 the scope of the invention comprise at least one T ceU epitope, preferably at least 

two T cell epitopes of L€>/ p V. The invention further provides peptides comprising 

at least two regions, each region comprising at least one T ceU epitope of Lol p V. 

The invention also provides modified peptides having similar or enhanced 

ther^eutic properties as the corresponding, naturally-occuning allergen or portion 
20 thereof, but having reduced side effects, as well as modified peptides having 

improved properties such as increased solubility and stability. Therapeutic peptides 

of the invention are capable of modifying, in a Lol p V-sensitive individual to 

whom they are administered, the allergic response of the individual to Loip Y or an . 

allergen immunologically cross-reactive Lol pY e.g. allergens derived from pollen 
25 belonging to the Poacea (Graminae) family such as Dactylis glomerata^ Dac gY. 

Methods of treatment or of diagnosis of sensitivity to ryegrass pollen 

protein, Lol p V in an individual or to pollen proteins that are immunologically 

related to Lo/p V such as Dac ; Y, and therapeutic compositions comprising one 

or more peptides of the invention are also provided. 
30 The present invention also provides nucleic and amino acid sequences of Dac g V 

protein allergen which is immunologically cross-reative with Lo/ p V. 

Further features of the present invention will be better understood firoin the 

following detailed description of the preferred embodiments of the iiivention in 

conjunction with the appended figures. 



35 



wo 95/06728 



PCT/US94/09024 



-3- 

Brief Description of the Figures 

Bg. 1 shows the nucleotide sequence of cDNA clone 12R (SEQ ID NO:l) and its 
: predicted amino acid sequence (SEQ ID NO:2). Qone 12R is a full-length clone of Lol p 
V derived from a Xgtll library (see PCT application publication number WO93/04174). 
5 J Hg. 2 shows peptides of the invention of various lengths derived from Lol pV 

(SEQIDNO:3-29), 

Fig- 3 shows peptides of various lengths derived from I^/ p I (SEQ ID NO:3^^^ 
Fig. 4 is a grapUc representation depicting the response of TceU 
patients prin^ in vitro with afOnity purified Lol p V and analyzed for response to Lol p V 
10. peptides (derived from the Lol p V protein allergen) by percent of responses with a mean 
S.L of at least 2 (indicated above each bar), the numbers enclosed in the parenthesis 
denote percentage of patients responding to the particular peptide, and the bar represents 
the positivity index for each peptide (% of patients responding multiplied by the mean 
S.L). 

15 Fig. 5 is a graphic representation derived from the same data shown in Hg. 4 

showing the ranked sum for each peptide, the bar represents the cumulative rank of the 
peptide response in the group of 19 patients tested, above each bar in parenthesis is the 
percent of patients positively responding to each peptide, die S.I. is also indicated above 
each bar. 

20 Fig, 6 is a gmphic representation of the results of a direct ELISA, the source of IgE 

was a sample of pooled human plasma (PHP) designated PHP- A, and wherein the antigen 
is either soluble pollen extract (SEE) of ryegrass pollen, or bacterially expressed 
..ivv recombinant Lol p V (rLolpV). 

Fig. 7 is a grs^Mc representation of the results of a direct ELISA, the source of Ig^ 
25 I was a sample of pooled human plasma (PHP) designated PHP-B and wherein the antigen 
is either soluble pollen extract (SPE) of ryegrass poUen, rL<>/ pV. 

Hg. 8 is a graphic representation of the results of a direct ELISA, the source of IgE 
was plasma from 4 individual patients, #1 1 18, #1 120, #1 125, #i 141, and wherein the 
antigen is ryegrass pollen SPE. 
30 Fig. 9 is a graphic representation of the results of a direct ELISA the source of IgE 

was plasma from 4 individual patients, #11 18, #1120, #1125, #1141, and wherein the . 
antigen is tLoI p V. 

Fig. 10 is a gr£^hic representation of the results of a competition ELISA, the 
source of IgE was a sample of pooled human plasma designated PHP- A, IgE binding was 
35 measured in the presence of ryegrass pollen SPE, afOnity purified native Lol p V or tLoI p 
V. 
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Fig. 1 1 is a graphic lepiesentatioii of the results of a competitibn ELISA; the 
source of IgiE was plasma from individual patient #706 as a source of IgE, IgE bmding : 
was nieasured in the presence of ryegrass poUen SPEi affinity purified 

5 Fig. 12 is a graphic representation of a histamine release assay to ryegrass pollen 

SPEandrLo/pV. 

Fig* 13a and Fig. 13b each show a g^phic representation of a direct ELISA using a 
sample of pooled human plasma designated PHP-B as a source of IgE; and wherein the 
antigen was either a selected peptide derived firom Lo/ p V or rLo/ p V. 
Id Fig. 14 is a graphic representation of a competition ELISA using a sample of 

pooled human plasma designated PHP-B as a source of IgE, and wherein the antigens 
were a mixture of affinity purified Lol p I and Lot p V or a mixture of recombinant Lot p I 
(rZ^/p I) or rL<?/p V to compete for IgE binding to ryegrass pollen SPE. 

Hg. 15 is a photograph of a Coomassie blue stained SDS-PAGE (12.5%) analysis 
15 of an AblB9-affinity purified native Lol p V, the sample was run under reducing 
conditions, the molecular weight standards are shown on the left 

Fig. 16 shows the nucleotide sequence of clone 259 of Dac g V, and its predicted 
amino acid sequence, the nucleotide sequence of nucleotides 1 to 699 has been confirmed, 
and the nucleotide sequence of nucleotides 700 to 1181 are unconfirmed. 

20 

Detailed Description of the Invention 

The present invention provides isolated peptides derived fix>m Lol p V. The 
present invention also provides Dac g V protein allergen which is inununologically cross- 
reactive with Lol pV. As used herein, a "peptide" refers to any protein firagment of Lolp 

25 y that induces an immune response. The terms "fragment and "antigenic fragment" as 
used herein refer to an amino acid sequence having fewer amino acid residues than the 
entire amino acid sequence of the protein from which the firagment is derived, and that 
induces an immune response. The terms "isolated" and "purified" as used herein refer to 
peptides of the invention which are substantially free of cellular material or culture 

30 medium when produced by recombinant DNA techniques, or substantially free of 

chemical precursors or other chemicals when synthesized chemically. As used herein, the 
term "peptide" of the invention include peptides derived from Lol p V which comprise at 
least one T cell epitope of the allergen or a portion of such peptide which comprises at 
least one T cell epitope. 
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Peptides comprising at least two regions, each region comprising at least one T 
cell epitope of Lot p V are also within the scope of the invention. Isolated peptides or 
regions of isolated peptides, each con^rising at least two T cell epitopes of Lol pY 
protein aUeigen are particularly desirable for increased therapeutic effectiveness. 
5 Peptides which are inununologically related (e.g., by antibody or T cell cross-reactivity) 
to peptides of the present invention, such as peptides from Dac ^ V, are also within the 
scope of the invention. Pcf^tides immunologically related by antibody cross-reactivity, 
are bound by antibodies specific for a peptide of Lol p V. Peptides immunologically 
related by T ceU cross-reactivity are capable of reacting with the same T cells as a peptic 

10 of the invention. 

Isolated peptides of the invention can be produced by recombinant DNA 
techniques in a host cell transformed with a nucleic acid having a sequence encoding such 
peptide. The isolated peptides of the invention can also be produced by chemical 
synthesis. When a peptide is produced by recombinant techniques, host cells transformed 

15 with a nucleic acid having a sequence encoding a peptide of the invention or the functional 
equivalent of the nucleic acdd sequence are cultured in a medium suitable for the cells and 
peptides can be purified horn cell cultifie medium, host cells, or bofli using techniques 
known in the art for purifying peptides and proteins including ion-exchange 
chromatography, gel filtration chromatography, ultrafiltration, electrophoresis or 

20 immunopurification with antibodies specific for the peptide, the protein allergen fromi 
which the peptide is derived, or a portion thereof. 

The present invention provides expression vectors and host cells transformed to 
express the nucleic add sequences of the invention. Nucleic acid coding for a Lol p V 
peptide of the invention or at least one fragment thereof may be expressed in bacterial 

25 cells such as K colU insect ceUs, yeast, or manmialian cells such as Chinese hamster ovary 
cells (CHO). Suitable expression vectors, promoters, enhancers, and other expression 
control elements may be found in Sambrook et al. Molecular Cloning: A Laboratory 
ManuaU second edition. Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New 
York, 1989. Other suitable expression vectors, promoters, enhancers, and other expression 

30 elements are known tp those skilled in the art. Suitable vectors for expression in yeast 
include YepSecl (Baldari et aL (1987) Embo J. 6: 229-234); pMFa (Kurjan and 
Herskowitz (1982) CeZ/ 30: 933-943); JRY88 (Schultz et al.,(1987) Gene 54: 113-123) 
and pYES2 (Invitrog n Corporation, San Diego, CA). These vectors are freely availabl . 
Baculovirus and mammalian expression systems are also available. For example, a 

35 baculovirus system is commercially available (PharMingen, San Diego, CA) for 
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expression in insect cells while the pMSG vector is commercially available (Pharmacia, 
Piscataway, NJ) for expression in mammalian ceUs. 

For expression in R colU suitable expression vectors include, among others, pTRG 
(Amann et al. (1988) Gene 69: 301-315); pGEX (Amrad Corp,, Melbourne. Australia); 
5 pMAL (N.E. Biolabs, Beverly, MA); pRTTS (Phannacia, Piscataw^^^^ 

(Novagen, Madison, WT) Jamed et al„ (1990) J. Virol 64:3963-3966; and pSEM (Knapp 
; etaL (1990) BtorecAm^iiEej 8: 280-2811). Theuse of pTRC, and pET- lid, for example, 
;will lead to the expression of unfused protein. The use of pMAL, pRITS pSEM and pGEX 

wiU lead to the expression of aUergen fused to maltose E binding protein (pMALX 

10 ^ A (pRITS), trancated fi-galactosidase (PSEM), or glutathione S-transfearase (pGEX). 

When a Lol p V peptide of the invention is expressed as a fusion protein, it is particularly 
advantageous to introduce an enzymatic cleavage site at the fusion juncti^ 
carrier protein and Lol p V peptide. The Lol p Y peptide may then be recovered from the 
fusion protein through erizyniatic cleavage at the enzyiii^ 

15 purification using conventional techniques for puiificatipri of proteins and peptides. 
Suitable erizymatic cleavage sites include those for bloo4 clotting Factor Xa or ti^ 
. for which the appropriate enzymes and protocols for cleavage are conunerdaUy available 
from, for example, Sigma Chemical Company, SL Louis, MO and N.E. Biolabs, Beverly, 
MA. The different vectors also have different prompter regions allowing constitutive or 

20 inducible expression with, for example, IPTG induction (PRTC,Amaimet al., (1988) 
supra; pET-lld, Novagen, Madison, WI) or temperature induction (pRIT5, Pharmacia, 
Piscataway, NJ) , It may also be appropriate to express recombinant Lol p V peptides in 
different ca/< hosts diat have an altered capacity to degrade recombinand^^^ 
proteins (e.g. U,S. patent 4,758,512). Alternatively, it may be advantageous to alter the 

25 nucleic acid sequence to use codons preferentially utilized by K co/i, where such nucleic 
acid alteration would not affect the amino acid sequence of the expressed protein. 

Host cells can be transformed to express the nucleic acid sequences of the 
invention using conventional techniques such as calcium phosphate or calcium chloride 
co-precipitation, DEAE-dextran-mediated transfection^ or electroppration. Suitable 

30 methods for transforming the host cells may be found in Sambrook et al. supra, and other 
laboratory textbooks. The nucleic acid sequences of the inventiorimay also be chemically 
synthesized using standard tectmiques (i.e. solid phase synthesis). Details of the isolation 
and cloning of clone 12R encoding I^/ p V (described as I^/p lb. 1) arc 
application Publication Number WO 93/04174 incorporated herein by reference in its 

35 ntirety. 
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Inducible non-fusion expression vectors include pTrc (Amann et aLj (1988) Gene, 
69:301-315) and pETl Id (Studier^f iziL, Gene E^q^ression Technology: Methods in 

n Enzymology, Academic Press, San Diego. California (1990), 185:60-89), While target 
grae expression relies on host RNA polymerase transcription from the hybrid trp-lac 

5 fusion promote in pTrc, expression of target genes inserted into pETl Id relies on 

transcription from the T7 gnlO-lac 0 fusion promoter mediated by coexpressed viral RNA 
polymerase (T7 gnl). This viral polymerase is supplied by host strains BL21(DE3) or 
HMS174(DE3) from a resident X prophage harboring a T7 gnl under the transaiptional 
control of the lacUV 5 iMXMnoter. 
10 One strategy to maximize recombinant Lol p V peptide expression in £1 coli is to 

express the protein in a host bacteria with an impaired capacity to proteolytically cleave 
the recombinant protein (Gottesman, S,, Gene Expression Technology: Methods in 
jEn^mc^to^, Acaderrdc Press, San Diego, CaUfoniia (1990), 185 

strategy would be to alter the nucleic acid sequence of the desired gene to be inserted into 

15 an expression vector so that the individual codons for each amino acid would be those 
preferentially utilized in highly expressed E, coli proteins (Wada et at (1992) Nuc. Acids 
Res^ 20:21 1 1-2118). Such alteration 6f nucleic acid sequences of the invention could be 
carried out by standard DNA synthesis techniques. 

The nucleic acids of the invention can also be chemically synthesized using 

20 standard techniques. Various methods of chemically synthesizing polydeoxynucleotides 
are known, including solid-phase synthesis which, like peptide synthesis, has been fully 
automated in conunercially available DNA synthesizers (See e g., Itakura et aL U.S. 

^ Patent 4,598,049; Caruthers et al U.S. Patent 4,458,066; and Itakura U.S. Patents 
4,401,796 and 4,373,071, incorporated by reference herein). 

25 The present invention also provides nucleic acid sequences eilcoding peptides of 

the invention. Nucleic acid sequences used in any embodiment of this invention can be 
cDNAs encoding corresponding peptide sequences as shown in Fig. 2 (SEQ ID NO:3-29). 
Such oligodeoxynucleotide sequences can be produced chemically or mechanically, using 
known techniques. A functional equivalent of an oligonucleotide sequence is one which is 

30 1) a sequence capable of hybridizing to a complementary oligonucleotide to which the 

sequence (or corresponding sequence portions) of Lol p Y as shown in Fig. 1 or fragments 
thereof hybridizes, or 2) the sequence (the corresponding sequence portions 
complementary to the nucleic acid sequences encoding the peptide sequence derived from 
Lol /> V as shown in Fig. 2 and/or 3) a sequence which encodes a product (e.g., a 

35 polypeptide or peptide) having the same functional characteristics of the product encoded 
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by the sequence (or corresponding sequence portion) of Lolp V as shown in Fig. 1 , 
Whether a functional equivalent must meet one or more criteria will depend on its use 
(e.g., if it is to be used only as an oligoprobe, it need meet only the first or second criteria 
and if it is to be used to produce a Lol p V peptide of the invention, it need only meet the 
third criterion). The nucleic acid sequences of the invention also include RNA which can 
be transcribed from the DNA prepared as described above. 

Preferred nucleic acids encode a peptide having at least about 50% homology to a 
Lot p V peptide of the invention, more preferably at least about 60% homology and most 
preferably at least about 70% homology with a Lol p V peptide of the invention. Nucleic 
acids that encode peptides having at least about 90%, more preferably at least about 95%, 
and most preferably at least about 98-99% homology with Lol p V peptides of the 
invention are also within the scope of the invention. Homology refers to sequence 
similarity between two peptides of Lol p V, or between two nucleic acid molecules. 
Homology can be determined by comparing a position in each sequence which may be 
aligned for purposes of comparison. When a position in the compared sequence is 
occupied by the same nucleotide or amino acid, then molecules are homologous at that 
position. A degree of homology b^ween sequences is a function of the number of 
matching or hpmologous positions shared by the sequences. 

Preferred nucleic acid fragments encode peptides of at least 7 amino acid residues 
in length, and preferably 13-40 amino acid residues in length, and more preferably at least 
16-30 amino acids residues in length. Nucleic acid fragments encoding peptides of at least 
30 amino acid residues in length, at least 40 amino acid residues in length, at least about 
80 amino acid residues in length, at least about 100 amino acid residues in length or more, 
are also contemplated. 

^ Also within the scope of the invention are nuclefic acid sequences encoding 
allergens immunologically cross-reactive withLo/p Y. such as full length />ac gV protein 
or peptides (Fig. 16). Proteins and peptides of Z)flc g V may be produced recombinantly 
as discussed above, or synthetically. Expression vectors and host cells transfomied to 
express Doc g V protein or peptides thereof are also within the scope of the invention. 
Details of the cloning of Z>ac g V are given in the examples. 

The present invention also provides a method of producing isolated Lo/p V 
peptides of the invention or a portion thereof comprising the steps of culturing a host cell 
transformed with a nucleic acid sequence encoding a Lol p V peptide of the invention in 
an appropriate medium to produce a mixture of cells and medium containing said £a/ p V 
peptide; and purifying the mixture to produce substantially pure Lol p V peptide. Host 
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cells transformed with an expression vector containing DNA coding for a Lo/ p V peptide 
of the invention or a portion th^:cpf are cultured in a suitable medium for the host cell. 
V' Lol p V p^tides of the invention can be purified from cell culture medium^ host cells, or 
both using techniques known in the art for purifying peptides and proteins including ion- 
5 < exchange chromatography^ gel filtration chromatography, ultrafiltration, electrophoresis 
and irnmunopurification with antibodies specific for the Lo/ V peptides or portions 
thereof of the invention. 

Anoth^ aspect of the present invention pertains to an antibody specifically 
reactive with aLa/p V peptide. Such antibodies may be used to standardize allergen 

10 ' 2 exd:actsortoisolatethe naturanyoccurringLo/ pV. Also; Lol p V peptides of 
invention can be used as "purified** allergens to standardize allergen extracts. For 
example, an animal such as a mouse or rabbit can be inununized with an inGmiunogenic 
form of an isolated Lo/ p V peptide of the invention capable of eliciting an antibody 
response. Techniques for conferring inununogenicity on a peptide include conjugation to 

15 carriers or other techniques well-known in the art The Lo/ p V peptide also can be 

administered in the presence of adjuvant The progress of immunization can be monitored 
by detection of antibody titers in plasma or serum standard ELISA or other immunoassay 
can be used with the inununogen as antigen to assess the levels of antibodies. 

Following inununizadon, anti-La/ p V peptide antisera can be obtained and, if 

20 desired, polyclonal anti-Lo/ p V peptide antibodies from the serum. To produce 

monoclonal antibodies, antibody producing cells Oymphocytes) can be harvested from an 
immunized animal and fused by standard somatic cell fiision procedures with 
immortalizing cells such as myeloma cells to yield hybridoma cells. Hybridoma cells can 
be screened inmiunochemically for production of antibodies reactive with the Lol p V 

25 peptides of the invention. These sera or monoclonal antibodies can be used to standardize 
' allergen extracts; 

Through use of the peptides and antibodies of the present invention, preparations 
of consistCTt, well-defined composition and biological activity can be made and 
administered for therapeutic purposes (e.g. to modify the allergic response of a ryegrass 

30 pollen sensitive individual to poUen of such grasses or pollen of an inmiunologically 

related grass such as Dac g V). Administration of such peptides may, for example, modify 
B-cell response to Lol p V allergy, T-cell response to Lol p V allergen or both responses. 
Isolated peptides can also be used to study the mechanism of irxununotherapy of ryegrass 
pollen allergy and to design modified dmvatives or analogues useful in immunotherapy. 
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The present invention also pertains to T ceU clones which specific^ 
LolpY peptides of the invention. These T cell clones niay be suitable for isolation and 
molecular cloning of the gene for the T cell receptor which is specifically reactive with a 
peptide of the present invention. The T cell clones may be produced as described in 
Cellular and Molecular Immunology, Abdul K. Abbas et al., ; Saunders Go. (1991) 
pgi 139. The present invention also pertains to soluble T cell rec^tors. These receptors 
may inhibit antigen-dependent activation of the relevant T cell subpopulation within an 
v individual sensitive to LolpV. Antibodies specifically reactive with such a T cell 
rreceptor can also be produced according to the techniques described herein. Such 
- antibodies may also be useful to block T-cell -MHC interaction in an individual. Methods 
for producing soluble T cell receptors are desoibed in Immunology; A Synthesis, 2nd Ed., 
Edward S. Golubetal.,Sinaur Assoc, Sunderland Massachusetts, (1991) pp. 366-369. 

To obtain isolated peptides of the present invention, Lol p V is divided into non- 
overlapping peptides of desired length or overlapping peptides of desired l^gths as 
discussed in Example 2 which can be produced recombinantiy, synthetically, or in certain 
situations, by chemical cleavage of the allergen. Peptides comprising at least one T cell 
epitope are capable of eliciting a T cell response, such as stimulation (ie. proliferation or 
lymphokine secretion) and/or are capable of inducing T cell non-responsiveness. To 
determine peptides comprising at least one T ceD epitope, isolated peptides are tested by, 
for example, T cell biology techniques, to determine whether the peptides elicit a T cell 
response or induce T cell non-responsiveness. Those peptides found to elicit a T cell 
response or induce T cell non-responsiveness are defined as having T cell stimulating 
^activity. 

Screening peptides of the invention for human T cell stimulating acitivity can be 
. accomplished using one or more of several different assays. For example, inyitro, T cell 
stimidatory activity is assayed by contacting a peptide of the invention with an antigen 
presenting cell which presents appropriate MHC molecules in a T cell culture. 
Presentation of a peptide of the invention in association with appropriate MHC molecules 
to T cells, in conjunction with the necessary costimulation has the effect of transmitting a 
signal to the T ceU that induces the production of mcreased levels of cyto^ 
particularly of interleuldn-2 and interleuldn-4. The culture supernatant can be obtained 
and assayed for interleuIdn-2 or other known cytokines. For example, any one of several 
conventional assays for interleukin-2 can be employed, such as the assay described in 
Proc. Natl. Acad. Sci USA, 86: 1333 (1989) the pertinent portions of which are 
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incorporated herein by reference. A kit for an assay for the production of interferon is 
also available from Genzyme Corporation (Cairibridge, MA). 

A common assay for T cell proliferation entails measuring tritiated thymidine 
incorporation. The proliferation of T cells can be measured in vitro by determining the 
5 amonnt of ^H-labeled thymidine incorporated into the replicating DNA of cultured cells. 
Therefore, the rate of DNA synthesis and, in turn, the rate of cell division can be 
quantified. 

1^ A peptide may also be screened for the ability to reduce T cell responsiveness. 

The ability of a peptide known to stimulate T cells, to inhibit or con:9letely block the 

10 activity of a purified native Lol p V protein allergen or portion thereof and induce a state 
of T ceU nonresponsiveness or reduced T ceU responsiveness, can be determined using 
subsequent attempts at stimulation of the T cells with antigen presenting cells that present 
a native Lol p V allergen following exposure to a peptide of the invention. If the T cells 
are unresponsive to the subsequent activation attempts, as determined by interleukin-2 

IS synthesis and T cell proliferation, a state of nonresponsiveness has been induced. See, 

e.g., Gimmi, et al. (1993) Proc. NatL Acad. Sci USA, 90:6586-6590; and Schwartz (1990) 
Science, Z48:1349-1356, for assay systems that can be used as the basis for an assay in 
accordance with the present invention. 

Additionally, peptides comprising "cryptic epitopes" may be determined and are 

20 also within the scope of this invention. Cryptic q>itopes are those determinants in a 

protein antigen which, due to processing and presentation of the native protein antigen to 
the appropriate MHC molecule, are not normally revealed to the immune system. 
However, a peptide comprising a cryptic epitope is capable of causing T cells to become 
non-responsive, and when a subject is primed with the peptide, T cells obtained from the 

25 subject will proliferate in vitro in response to the peptide or the protein antigen from 
: which the peptide is derived. Peptides which comprise at least one cryptic epitope 
derived from a prc^dn antigen are referred to herein as "cryptic peptides". To confirm 
the presence of cryptic epitopes in the above-described T cell proliferation assay, antigen- 
primed T celb are cultured m W/ro in the (nesence of each peptide separately to establ^ 

30 pc^tide-reactive T cell lines. A peptide is considered to comprise at least one cryptic 
epitope if a T cell line can be established with a given peptide and T cells are capable of 
proliferation upon challenge with the peptide and the protein antigen from which the 
peptide is derived: 

It is also possible to modify the stracture of a peptide of the invention for such 
35 purposes as increasing solubility, enhancing therapeutic or preventive efficacy, or stability 
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(e.g., shelf life ex vivo, and resistance to proteol)rtiG degradation in vivoy. A modified 
peptide can be produced in which the amino acid sequence has been altered, such as by 
amino acid substitution, deletion, or addition, to modify immunogenidty and/or reduce 
allergenicity, or to which a component has been added for the same purpose. 
5 For example, a peptide can be modified so that it maintains the ability to induce T 

cdl anergy and bind MHG proteins without the ability to induce a strong proliferative 
response or possibly, any proUferative response when adndnistered in inmiunogenic for^^ 
' in this instance, critical binding residues for the T cell receptor can be determined using 
known techniques (e.g., substitution of each residue and determination of the presence or 
10 absence of T cell reactivity). Those residues shown to be essential to interact with the T 
cell receptor can be modified by replacing the essential amino acid with another^ 
preferably similar amino acid residue (a conservative substitution) whose presence is 
shown to enhance, diminish but not eliminate, or not affect T cell reactivity. In addition, 
. those amino acid residues which are not essential for T cell receptor interaction can be 
15 ^ modified by being replaced by another amino acid whose incorporation may enhance, . 
diminish or not affect T cell reactivity but does not eliminate binding to relevant MHG. 

Additionally, peptides of the invention can be modified by replacing an amino acid 
shown to be essential to interact with the MHC protein complex with another, preferably 
similar amino acid residue (conservative substitution) whose presence is shown to 
20 enhance, diminish but not eliminate, or not affect T cell activity. In addition, amino acid 
, residues which are not essential for interaction with the MHC protein complex but which 
still bind the MHC protein complex can be modified by being replaced by another amino 
-acid whose incoiporation may enhance* not affect, or diminish but not eliminate T cell 
reactivity. Preferred amino acid substitutions for non-essential amino acids include, but 
25 V arenpthmitedtosubstitutions with alanine, glutamic acid/or a methyl amino ad^ 

In order to enhance stability and/or rezictivity, peptides of the invention can also 
be modified to incorporate one or more polymorphisms in the amino acid sequence of the 
protein allergen resulting from natural allelic variation. Additionally, D-amino acids, non- 
natural anoino acids or non-amino acid analogues can be substituted or added to produce a 
30 modified peptide within the scope of this invention. Furthermore, peptides of the present 
invention can be modified using the polyethylene glycol (PEG) method of A. Sehon and 
co-workCTS (Wie et al. supra) to produce a protein or peptide conjugated with PEG. In 
addition, PEG can be added during chemical synthesis of a protein or peptide of the 
invention. Modifications of peptides or portions thereof can also include reduction/ 
35 alkylation (Tarr in: Methods of Protein Microcharacterization, J.E. Silver ed. Humana 
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Press, Clifton> NJ, pp 155-194 (1986)); acylation (Tarr, supra); chemical coupling to an 
appropriate carrier (Mishell and Shiigi, eds.. Selected Methods in Cellular Immunology, 
> V WH Freeman, San Francisco, CA (1980); U.S, Patent 4,939,239; or inild formalin 

treatment (Marsh, International Archives of Allergy and Applied Immunology, 41:199-215 
5 (1971)). 

To fadUtate purification and potentiaUy increase solubiUty of peptic^ 
invention, it is possible to add reporter group(s) to the peptide backbone. For example, 
poly-histidine can be added to a peptide to purify the peptide on immobilized metal ion 
affinity chromatogr^hy (Hochuli, E. et at, Bio/Tec^ In 

10 addition, specific endoprotease cleavage sites can be introduced, if desired, between a 

reporter group and amino acid sequences of a peptide to facilitate isolation of peptides free 
of irrelevant sequences. In order to successfully desensitize an individual to a protein 
antigen, it may be necessary to increase the solubility of a peptide by adding functional 
groups to the peptide or by not including hydrophobic T cell epitopes or regions 

15 containing hydrophobic epitopes in the peptides or hydrophobic regions of the protein or . 
peptide. Functional groups such as charged amino acid pairs (e.g., KK or RR) are 
particularly useful for increasing the solubility of a peptide when added to the amino or 
carboxy terminus of the peptide. 

To potentially aid proper antigen processing of T cell epitopes within a peptide, 

20 canonical protease sensitive sites can be recombinantly or synthetically engineered 

between regions, each comprising at least one T cell epitope, For example, charged amino 
acid pairs, such as KK or RR, can be introduced between regions within a peptide during 
recombinant constraction of the peptide. The resulting peptide can be rendered sensitive 
to cath^sin and/or other trypsin-like enzymes cleavage to generate portions of the peptide 

25 containing one or more T cell epitopes. In addition, as discussed above^ such charged 

amino acid residues can be added to the amino or carboxy terminus of the peptide and can 
result in an increase in solubility of a peptide. 

Site-directed mutagenesis of DNA encoding a peptide of the invention can be used 
to modify the structure of the peptide by methods known in the art. Such methods may, 

30 among others, include PCR with oligonucleotides containing the sequences encoding the 
desired amino acids (Ho et al.. Gene, 77:51-59 (1989)) or total synthesis of mutated genes 
(Hostomsky, Z. et al., Biochenu Biophys, Res. Comnu, 161:1056-1063 (1989)). To 
enhance bacterial expression, the aforementioned methods can be used in conjunction with 
other procedures to change the eukaryotic codons in DNA constmcts encoding protein or 
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peptides of the invention to ones preferentially used in K colli yeasty mammalian cells, or 
other eukaryotic cells. 

Peptides or antibodies of the present invention can also be used for detecting and 
> diagnosing ryegrass pollinosis. For example, this could be done in vi7ro 
5 blood or blood products obtained from an individual to be assessed for sensitivity to 
-'i ryegrass pollen or another cross reactive pollen such as Dac gV^ with isolated peptides of 
Lai p V, under conditions appropriate for binding of components in the blood (e.g., 
n^tibodies, Tcells, B cells) with the peptide(s) and determining the extent to which such 
vbinding occurs, (^er diagnostic niethods for allergic diseases in which the protein, 
10 /^peptides or antibodies of the present invention will be useful include radio- 

allergergosorbent test (RASl^, paper radioimmunosorbent test (PRIST), enzyme linked 
iinmunosorbent assay (ELISA), radioimmunoassays (RIA),immunpTradiometric assays 
(IRMA), luminescence inmiunoassays (LIA), histamine release assays and IgE = 
irnmunoblots. 

15 The presence in individuals of IgE specific for at least one protein allergen and the 

ability of T cells of the individuals to respond to T cell epitope(s) of the protein allergen 
can be determined by administering to the individuals an Immediate Type 
Hypersensitivity test and a Delayed Type Hypereeiisitiity test. The individuals a^ 
administered an Immediate Type Hypersensitivity test (see e.g.. Immunology (1985) Roitt, 

20 LM., Brostoff, L, Male, D.K; (eds), C.V. Mosby Co., Gower Medical Publishing, London, 
NY, pp. 19.2-19.18; pp. 22.1-22.10) utiUzing the protein aUergen ora portion thereof, or 
modified form of the protein allergen or a portion thereof, each of which binds IgE 
^specific for the allergen. , The same individuals are administered a Delayed Type 
. Hypersensitivity test prior to, simultaneously with, or subsequent to administration of the 

25 Imiriediate Type Hjrpersensitivity test. Of course, if the Immediate Type Hypersensitivity 
test is administered prior to the Delayed Type Hypersensitivity testv the Delayed Type 
Hypersensitivity test would be given to those individuals exhibiting a specific Immediate 
Type Hypersensitivity reaction. The Delayed Type Hypersensitivity test utilizes a 
modified form of the protein allergen or a portion thereof, the protein allergen produced 

30 recombinantly, or a peptide derived from the protein allergen, each of which has human T 
ceU stimulating activity and each of which does not bind IgE specific for the allergen in a 
substantial percentage of the population of individuals sensitive to the aUergen (e.g., at 
least about 75%). Those individuals found to have both a specific lmmediate Type 
Hypersensitivity reaction and a specific Delayed Type Hypersensitivity reaction may be 

35 treated with a therapeutic composition comprising the same modified form of the protein 
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or portion theieof » the lecombinantly produced protein allergen, or the peptide, each as 
used in the Delayed Type Hypersensitivity test. 

Isolated peptides of the invention when administered in a therapeutic regimen to a 
Lol p V-sensitive individual, or an individual allergic to an allergen cross-reactive with Lol 
5 p Y such as Dac g V, are capable of modifying the alleigic response of the individual to 
Lot p V ryegrass pollen allergen or such cross-reactive allergen, and preferably are 
capable of modifying the B-cell response, T-cell response or both the B-cell and the T-cell 
response of the individual to the allergen. As used herein, modification of the allergic 
response of an individual sensitive to a ryegrass pollen aHergra or cross-reactive allergen 

10 can be defined as non-responsiveness or diminution in synq)tonis to the allergen, as 
determined by standard clinical procedures (See e.g. Vamey et al, British Medical 
Journal, 302:265-269 (1990)) including diminution in ryegrass pollen induced asthmatic 
sjrmptoms. As referred to herein, a diminution in symptoms includes any reduction in the 
allergic response of an individual to the allergen after the individual has completed a 

15 treatmmt regimen with a peptide or protein of the invention. This diminution n^ 
subjective (i.e. the patient feels more comfortable in the presence of the alleigen). 
Diminution in symptoms can be determined clinically as well, using standard skin tests as 
is known in the art. 

Lol p V peptides of the present invention which have T cell stimulating activity, 

20 and thus comprise at least one TceU epitope are particularly desirable for therapeutic 

purposes. In referring to an epitope, the epitope will be the basic element or smallest unit 
of recognition by a receptor, particularly immunoglobulins, histocompatibility antigens 
^ and T cell receptors where the epitope comprises amino acids essential to receptor 

recognition. Amino acid sequences which mimic those of the epitopes and which are 

25 capable of down regulating or reducing allergic response to Lol p V can also be used. T 
ceU epitopes are beUeved to be involved in initiation and perpetuation of the immune 
response to a protein allergen which is responsible for the clinical symptoms of allergy. 
These T cell epitopes are thought to trigger early events at the level of the T helper cell by 
binding to an appropriate HLA molecule on the smface of an antigen presenting cell and 

30 stimulating the relevant T cell subpopulation. These events lead to T cell proliferation, 
lymphokine secretion, local inflanoimtory reactions, recruitment of additioi^ 
cells to the site, and activation of the B cell cascade leading to production of antibodies. 
One isotype of these antibodies, IgE, is fundamentally important to the development of 
allergic symptoms and its production is influenced early in the cascade of events, at the 

35 level of the T helper cell, by the nature of the lynq>hokines secreted. 
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Exposure of lyegrasis pollen patients to isolated Lbl p V peptides of the present 
invention which comprise at least one T cell epitope and are derived frota Lol pV protein 
allergen may cause appropriate T cell subpopulations to become nonresponsive or have a 
reduced response to the protein allergen and thus do not participate in stimulating an 
immune response upon such exposure. In addition, administration of a peptide of the 
invention or portion thereof which comprises at least one T cell epitope may modify the 
lymphokine secretion profile as compared with exposure to the naturally-occurring Lolp 

-^ protein allergen or portion thereof (e.g/ result in a decrease of IL-4 and/or an increase in 
: IL-2). Furthermore^ administration of such peptide of the invention may influelace T ceU 

• ^subpopulations which normally participate in the response to the naturally occurring 
allergen such that these T ceUs are drawn away from the site(s) of normal exposure to the 
allergen (e.g., nasal mucosa, skin, and lung) towards the site(s) of therapeutic 
administration of the fragment or protein aUergen. This redistribution of T cell 

- subpopulations may ameliorate or reduce the ability of an individual's immune system to 
stimulate the usual immune response at the site of normal exposure to the allergen, 
resulting in a diminution in allergic symptoms. 

The isolated Lolp V peptides of the invention can be used in methods of 
diagnosing, treating and preventing allergic reactions to Lol p V allergen or a cross 
reactive protein allergen. Thus the present invention provides compositions useful in 
allergy diagnosis and/or useful in allergy therapy comprising isolated Lo/p V peptides or 
portions thereof. Such compositions will typically also comprise a pharmaceutically 
acceptable carrier or diluent when intended for in vivo administration. Therapeutic 
. compositions of the invention may also comprise synthetically prepared Lolp V peptides 

- and a pharmaceutically acceptable carrier or diluent ; 

^^v^ Administration of the therapeutic compositions of the present invention to an 
individual to be desensitized can be carried out using known techniques. Lol p V peptides 
or portions thereof may be administered to an individual in combination with^ for example, 
an appropriate diluent, a carrier and/or an adjuvant. Pharmaceutically acceptable diluents 
include saline and aqueous buffer solutions. Pharmaceutically acceptable carriers include 
polyethylene glycol (Wie et al. (198 1) Int Arch. Allergy Appl Immunol 64:84-99) and 
liposomes (Strejan et al. (1984) /. Neuroimmunoh 7: 27). 

The therapeutic compositions of the invention are administered to ryegrass allergen 
sensitive individuals or individuals sensitive to an allergen which is immunologically 
cross-reactive with house ryegrass allergen (i.e. Dactylis glomerata^ or Sorghum 
halepensiSj etc.). For the purposes of inducing T cell non responsiveness, therapeutic 
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cdmpositions of the invention are preferably administered in non-inm»mogenic form, e.g. 
which does not contain adjuvant. While not intending to be limited to any theory, it is 
believed that T cell non responsiveness or reduced T ceU responsiveness is induced as a 
result of not providing an appropriate costimulatory signal sometimes referred to as a 
5 "second signal** Briefly, it is believed that stimulation of T cells requires two types of 
signals, the first is the recognition by the T cell via the T cell receptor of appropriate 
MHC-assodated processed antigens on antigen presenting cells (APCs) and the second 

- type of signal is referred to as a costimulatory signal(s) or "second signal*' which may be 
provided by certain competent APCs. When a composition of the invention is 

10 administered without adjuvant, it is believed that competent APCs which are capable of 
producing the second signal or costimulatory signal are not engaged in the stimulation of 
appropriate T cells therefore resulting in T cell nonresponsiveness or reduced T cell 
responisiveness. In addition, there are a number of antibodies or other reagents capable of 
blockiiig the delivery of costimulatory signals such as the "second signal" which include, 

15 but are not limited to B7 (including B7-1, B7-2, and BB-1), CD28, CTLA4, CD40 CD40L 
CD54 and CDl la/18 (Jenkins and Johnson, Current Opinion in Immunology^ 5:361-367 
(1993), and Qark and Ledbette^,^am^e, 367:425-428 (1994)) Thus, a peptide of the 
inventionmay be administered in nordnmiunogenic form as discussed above, in 
conjunction with a reagent capable of blocking costimulatory signals such that the level of 

20 T cell nonresponsiveness is enhanced. 

Administration of the therapeutic compositions of the present invention to an 
individual to be desensitized can be carried out using known procedures at dosages and for 
periods of time effective to reduce sensitivity (Le., reduce the allergic response) of the 
individual to the allergen. Effective amounts of the therapeutic compositions will vary 

25 according to factors such as the degree of sensitivity of the individual to ryegrass pollen, 
' the age, sex, and weight of the individual, and the ability of the protein or fragment thereof 
to elicit an antigenic response in the individual. 

The active compound (i.e., protein or fragment thereof) may be administered in a 
conveiuent niarmer such as by injection (subcutaneous, intravenous, etc.), oral 

30 administration, inhalation, transdermal application, or rectal administration* Depending on 
the route of adrniiiistration, the active compound rimy be coated within a rnateri^ 
protect the compound from the action of enzymes, acids and other natural conditions 
which may inactivat the compound. 

For exanq>le, preferably about 1 jig- 3 mg and more preferably from about 20-750 

35 |Xg of active compound (i.e., protein or fragment thereof) per dosage unit may be 
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administered by injection. Dosage regimen may be adjusted to provide the pptimuin 
therapeuticiesponse. For example, several divided doses may be administered daily or the 
. dose may be proportionally reduced or increased as indicated by the exigencies of the 
■r: thers^utic situation. 
5 To administer a peptide by other than parenteral administration^ itmay be 

^ necessary to coat the protein with, or co-administer the protein with, a material to prevent 
' : its inactivadon. For example, peptide or portion thereof may be co-administered with 
enzyme inhibitors or in liposomes. Enzyme inhibitors include pancreatic tiypsin inhibitor, 
diisopropylfluorophosphate (DEP) and trasyloL Liposomes include water-in-oil-in-water 
10 ^GGF emulsions as weU as conventional liposomes (Strejan et al.^ (1984) /. 
NeuroimmunoL, 7:27). 

The active compound may also be administered parenteially or intrapeiitoneally. 
Dispersions can also be prepared in glycerol, liquid polyethyline glycols, and mixtuies 
thereof and in oils. Under ordinary conditions of storage and tise^ these preparations may 
15 contain a preservative to prevent the growth of microorganisms. 

Pharmaceutical compositions suitable for injectable use include sterile aqueous 
solutions (where water soluble) or dispersions and sterile powders for the extemporaneous 
preparation of sterile injectable solutions of dispersion. In all cases, the composition must 
be sterile and must be fluid to the extent that easy syringabUity exists. It must be stable 
20 under the conditions of manufacture and storage and must be preserved against the 

contaminating action of microorganisms such as bacteria and fungi. The carrier can be a 
solvent or dispersion medium containing, for example, water, ethanol, polyol (for 
je^cample, glyceral, propylene glycol, and liquid polyetheylene glycol, and the like), 
suitable mixtures thereof, and vegetable oils. The proper fluidity can be maintained, for 
25 example, by the use of a coating such as lecithin, by the maintenance of the required 
particlesize in thecase of dispersion and by the use of surfactants. Prevention of the 
action of microorganisms can be achieved by various antibacterial and antifungal agents; 
for example, parabens, chlorobutanol, phenol, ascorbic acid, thirnierosal, and the like. In 
many cases, it wiU be preferable to include isotonic agents, for exanq>le, sugars 
30 polyalcohols such as manitol and sorbitol or sodium chloride in the composition. 

Prolonged absorption of the injectable compositions can be brought about, including in the 
composition, an agent which delays absorption, for example, aluminum monostearate and 
gelatin, 

Sterile injectable solutions can be prepared by incorporating active compound (i.e., 
35 protein or peptide) in the required amount in an appropriate solvent with one or a 
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combinadon of ingredients enumerated above, as required, followed by filtered 
sterilization. Generally, dispersions are prepared by incorporating the active compound 
/ ^ into a sterile vehicle which contains a basic dispersion medium and the required other 
ingredients from those enumnated above. In the case of st^e powders for the 
5 preparation of sterile indectable solutions, the preferred methods of preparation are 
vacuum drying and fipeeze-drying which yields a powder of the active ingredient (i.e., 
protein or peptide) plus any additional desired ingredient firom a previously sterile-filtered 
solution thereof. 

When a peptide of the invention is suitably protected, as described above, the 
10 peptide may be orally administered, for example, with an inert diluent or an assimilable 
edible carrier. The peptide and other ingredients may also be enclosed in a hard or soft 
shell gelatin capsule, compressed into tablets, or incorporated directly into the individual's 
diet For oral therapeutic administration, the active compound may be incorporated with 
excipients and used in the form of ingestible tablets, buccal tablets, troches, capsules, 
IS elixirs, suspensions, syrups, wafers, and the like. Such compositions and preparations 
should contain at least 1% by weight of active compound. The percentage of the 
composition and preparations may, of course, be varied and may conveniently be between 
about 5 to 80% of the weight of die unit. The amount of active compound in such 
thers^eutically useful compositions is such that a suitable dosage will be obtained. 
20 Preferred compositions or preparations according to the present invention are prepared so 
that an oral dosage unit contains between from about 10 p,g to about 200 mg of active 
compound. 

• ^ The tablets, troches, pills, capsules and the like may also contain the following: a 

bind^ such as gum tragacanth, acacia, com starch or gelatin; excipients such as dicalcium 

25 phosphate; a disintegrating agent such as com starch, potato starch, alginic acid and the 
^ like; a lubricant such as magnesium stearate; and a sweetening s^ent such as sucrose, 
lactose or saccharin or a flavoring agent such as peppermint, oil of wintergreen, or cherry 
flavoring. When the dosage unit form is a capsule, it may contain, in addition to materials 
of the above type, a liquid carrier. Various other materials may be present as coatiags or 

30 to otherwise modify the physical form of the dosage unit For instance, tablets, pills, or 
c^sulesmay be coated with shellac, sugar or both. A syrup or elixir may contain the 
active compound, sucrose as a sweetening agent, methyl and propylparabens as 
preservative, a dye and flavoring such as cherry or orange flavor. Of course, any material 
used in preparing any dosage unit form should be pharmaceutically pure and substantially 
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non-toxic in the amounts employed. In addition, the active compound may be; 
incoi])orated into sustained-release preparations and formulations. 

As used herein ''pharmaceutically acceptable carrier" includes any and all solvents, 
dispersion media, coatings, antibacterial and antifungal agents, isotonic and absorption 
5 . delaying agents, and the like. The use of such media and agents for pharmaceutically 
. active substances is well known in the art. Except insofar as any conventional media or 
';^ v agent is incompatible with the active compound^ 

rvcompositions is contemplated. Supplementary active compounds can also be incorporated 
,dnto the compositions. : 
10 : It is especially advantageous to formulate parenteral compositions in dosage imit 

form for ease of administration and uniformity of dosage. Dosage unit from as used 
herein refers to physically discrete units suited as unitary dosages for rfie mammalian 
subjects to be treated; each imit containing a predetermined quantity of active compound 
. : calculated to product the desired^ t^^ 
15 pharmaceutical carrier. The specification for the novel dosage unit forms of the invention 
are dictated by and directly dependent on (a) the unique characteristics of the active 
compound and the particular therapeutic effect to be achieved, and (b) the limitations 
inherent in the art of compounding such an active comppimd for the treatment of 
sensitivity in individuals. 
,20 Various isolated peptides of the invention derived from ryegrass pollen protein Lot 

V are shown in Fig. 2 (SEQ ID NO:3-29). Peptides comprising at least two regions, 
each region comprising at least one T cell epitope of Lol p V are also within the scope of 
.^^the invention. As used herein a region may include the amino acid sequence of a peptide 
of the invention as shown in Fig. 2 or the amino acid sequence of a portion of such 
25 .peptide. 

As discussed in £xan^>le 2, human T cell stimulating activity can be tested by 
culturing T cells obtained from an individual sensitive to Lol p V allergen, (i.e., an 
individual who has an IgE mediated immune response to Lo/ p V allergen) with a pq)tide 
derived from the allergen and determining whether proliferation of T cells occurs in 

30 response to the peptide as measured, e.g., by cellular uptake of tritiated thymidine. 

3timulation indices for responses by T cells to peptides can be calculated as the maximum 
CPM in response to a peptide divided by the control CPM. A stimulation index (S.I.) 
equal to or greater than two times the background level is considered "positive**. Positive 
results are used to calculate the mean stimulation index for each peptide for the group of 

35 patients tested. In Figs. 4 and 5 the mean T cell stimxilation index is indicated above the 
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bar. Preferred peptides of this invention comprise at least one T cell epitope and have a 
mean T cell stimulation index of greater than or equal to 2.0. A peptide having a mean T 
cell stimulation index of greater than or equal to 2.0 in a significant number of ryegiass 
pollen sensitive patients tested is considered useful as a therapeutic agent Prefeired 
peptides have a mean T cell stimulation index of at least 2.5, more preferably at least 3,0, 
more preferably at least 3*5, more preferably at least 4.0, more preferably at least 5.0 and 
most preferably at least about 6. For example, peptides of the invention having a mean T 
cell stimulation index of at least 5, as indicated by data shown in Figs 4 and 5, include 
peptides LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-8 (SEQ ID NO:10), 
LPIX-17 (SEQ ID NO:19) and LPIX-19 (SEQ ID NO:21). 

In additicm, preferred peptides have a positivity index (PJ.) of at least about 60, 
more preferably about 100, more preferably at least about 200 and most preferably at least 
about 300. The positivity index for a peptide is determined by multiplying the mean T cell 
stimulation index by the percent of individuals, in a population of individuals sensitive to 
ryegrass pollen (e.g., preferably a population of at least 15 individuals, more preferably a 
population of at least 30 individuals or more), who have a T ceU stimulation index to such 
peptide of at least 2.0. Thus, the positivity index represents both the strength of a T cell 
response to a peptide (S J.) and the frequency of a T cell response to a peptide in a 
population of individuals sensitive to ryegrass pollen. In Fig. 4, the bar represents the 
positivity index and the percent of individuals tested who have a T cell stimulation index 
of at least 2.0 to that peptide are indicated in parenthesis above each bar (the niean T cell 
stimulation index is also indicated above each bar). For example, as shown in Fig. 4, Lol p 
V peptide LPIX-5 (SEQ ID NO:7) has a mean S;L of 5.8 and 26.3% of positive responses 
in the group of individuals tested resulting in a positivity index of 152.54; Lol pV 
peptides having a positivity index of at least about 100 and a mean T cell stimulation 
index of at least about 4 include: LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), and 
LPIX-17 (SEQ ID NO:19). 

In Fig, 5, the bar represents the cumulative rank of the peptide response in the 
group of patients tested as desc^bed in Example 2. To determine the cumulative rank, the 
5 peptides with the highest S.L in each individual were determined and assigned a 
numerical rank in descending order, with 5 representing the strongest response. The ranks 
for each peptide were then sununed for the ratire group of patients tested to determine the 
cumulative rank for the peptide. Above each bar is the mean S.L for each peptide and the 
percent of positive responses (in parenthesis) with an S.L of at least 2 to the peptide in the 
group of patiCTts tested. 
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In order to detemiine precise T cell epitopes by^ for example, fine mapping 
techniques, a peptide having T cell stimulating activity and thus comprising at least one T 
. s cell epitope as determined by T cell biology techniques is modified by addition or deletion 
. : of £unino acid residues at either the amino or caiboxy terminus of the peptide and tested to 
5 determine a change in T cell reactivity to the modified peptide. Following this technique, 
, i M peptides are selected and produced recombinantiy or synthetically. Peptides are selected 
based on various factors, including the strength of the T cell response to the peptide (e.g., 
-stimulation index), the frequency of the T cell response to the peptide in a population of 
individuals sensitive to ryegrass pollen, and the potential cross-reactivity of the peptide 
10 ^ with other allergens from other species of grasses as discussed earlier i.e, Dactylis 
glomerata. The physical and chemical properties of these selected peptides (e.g., 
solubility, stability) are examined to determine whether the peptides are suitable for use in 
ther£^eutic compositions or whether the peptides require modification as described herein. 
^^The ability of the selected peptides or selected modified peptides to stimulate human T 
15 cells (e.g., induce proliferation, lymphokine secretion) or cause appropriate T cell 

populations to become non-responsive or have a reduced response to the protein allergen 
; is determined. - 

In addition, it may be desirable to further mo<Ufy peptides such as LPIX-4 (SEQ ID 
NO:6),-5 (SEQ ID NO:7).-6 (SEQ ID NO:8),-ll (SEQ ID NO:13),.12 (SEQ ID NO:14),. 

20 16 (SEQ ID NO:18),-17 (SEQ ID NO:19)and -20 (SEQ ID NO:22) for purposes of 

increasing solubility or stability. Modifications to improve solubility include truncation 
from either the amino or caiboxyl terminus of the peptide or both termini to remove 
hydrophilic amino acids such as Val, He, Leu, Phe, Tyr and Trp. Residues removed by 
triincation may also be replaced with charged hydrophilic amino acids such as Asp, Glu, 

25 Lys and Arg or neutral hydrophilic amino acids such as Ser, Pro, Gly or Ala. Such amino 
acids may be of either the R or S optical configuration. . 

Other modifications to improve solubility include attachment of hydrophilic 
polymers to either the amino- or carboxy terminus of the peptides or to both. Such 
polymers may be polyanionic, polycationic or neutral (such as polyoxycthylene). 

30 Modifications to improve stability include deletion or replacement of Asn and Gin 

residues and elimination ot Asn-Gly, Asp-Gly and Asp-Pro sequences. 

Specific examples of modifications listed above would be removal of the N- 
ternunal Val and C-terniinal Val-His-Ala-Val from peptide LIX-12. Th resulting 



wo 95/06728 PCT/US94/09024 

-23- . 

truncated peptide could be used directly or the deleted residues could be replaced by 
combinations of the polar amino adds Asp, Glu, Lys; and Arg. Similarly, the N-terminal 
sequence Gly-Phe and G-terminal sequence Phe-Lys-Ile could be removed from peptide 
LPIX-5 (SEQ ID NO:7). 
5 Additionally, preferred T cell epitope-containing peptides of the invention do not 

bind immunoglobulin E (IgE) or bind IgE to a substantially lesser extent (e.g. at least 100 
fold less and more preferably at least 1000 fold less) than the protein aUergen from ^ 
the peptide is derived. The niajor conq>lications of standard immunotherapy are IgE- 
' mediated responses such as anaphylaxis. Immunoglobulin E is a mediator of anaphylactic 

10 reactions which result from the binding and cross-linking of antigen to IgE on mast cells 
or basophils and the release of mediators (e.g., histamine, serotonin, eosinophil 
chemotacic factors). Thus, anaphylaxis in a substantial percentage of a population of 
individuals sensitive to Lol p V could be avoided by the use in immunotherapy of a 
peptide or peptides which do not bind IgE in a substantial percentage (e.g., at least about 

15 75%) of a population of individuals sensitive to Lol p V allergen, or if the peptide binds 
IgE, such binding does not result in the release of mediators from mast dells or basophils. 
The risk of anaphylaxis could be reduced by the use in irnmunotherapy of a peptide or 
peptides which have reduced IgE binding. Moreover, peptides which have minimal IgE 
stimulating activity are desirable for therapeutic effectiveness. Minimal IgE stimulating 

20 activity refers to IgE production that is less than the amount of IgE production and/or IL-4 
production stimulated by the native Lol p V protein allergen. Sintiilarly, IL-4 production 
can be compared, with reduced IL-4 production indicating lessened IgE stimulating 
activity. 

If a peptide of the invention is to be used as a diagnostic reagent, it is not necessaiy 
25 that the peptide or protein have reduced IgE binding activity compared to the native 
V allergen. IgE binding activity of peptides can be determined by, for example, using 
various types of enzyme linked immunosorbent assays (ELISA). 

Preferred T cell epitope containing peptide of the invention, when administered to 
a ryegrass pollen-sensitive individual or an individual srasitive to an allergy which is 
30 immunologically related to ryegrass pollen allergen such as Dac g I, in a therapeutic 
treatment regimen, is capable of modifying the allergic response of the individual to the 
allergen. Particularly, such preferred Lol p V peptides of the invention comprising at least 
one T cell epitope of Lol p V or at least two regions derived from Lol p V, each 
comprising at least one T cell epitope, when administered to an individual sensitive to 
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ryegrass pollen are enable of modifying T cell response of the individual to the allergen 
and are useful as therapeutics in addressing sensitivity to grasses. 

A preferred isolated Lol p V peptide of the invention comprises at least one T cell 
epitope of the Lol p V and accordingly the peptide comprises at least approximately seven 
amino acid residues. For purposes of therapeutic effectiveness, preferred therapeutic 
compositions of the invention preferably comprise at least two T cell epitopes of Lol p V, 
and accordingly, a preferred peptide comprises at least:^prpximately eight amino add 
^^residues and preferably at least fifteen amino acid residues. Additionally, then^utic 
'ccompositions comprisiiig preferred isolated peptides of the invention preferably comprise 
la sufiticient percentage of the T cell epitopes of the entire protein allergen ^.e. at least 
about 40% and more preferably about 60% of thb T cell reactivity to the entire protein 
allergen) such that a therapeutic regimen of administration of the composition to an 
individual sensitive to ryegrass pollen, results in T cells of the individual being tolerized to 
. the protein allergen. Synthetically produced peptides of the invention comprising up to 
approxiniately forty-five amino acid residues in length, and most preferably up t^ 
approximately thirty amino acid residues in length are particularly desirable as increases in 
lengfli may result in difBculty in peptide synthesis. Peptides of the invention may also be 
produced recombinantiy as described earlier, and it is preferable that peptides of 45 amino 
acids or longer be produced recombinantiy. 

Peptides derived from theLolpY protein allergen which can be used for 
therapeutic purposes comprise at least one T cell epitope of Lol p V and comprise all or a 
portion of the following peptides: LPDC-l (SEQ ID NO:3), LPIX-1.1 (SEQ ID NO:3), 
LPIX-2 (SEQ ID NO:4), LPIX-2.I (SEQ ID NO: 4), LPIX-S (SEQ ID NO:5), LPIX-4 
(SEQ ID NO:6) LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-7 (SEQ ID 
NO:9), LPK-8 (SEQ ro NO:10), 

LPK-U (SEQ ID NO:13). LPIX-12 (SEQ ID NO:14), LPIX-13 (SEQ ID NO:15), LPIX- 
14 (SEQ ID NO:16), LPIX-15 (SEQ ID NO:17), LPIX-16 (SEQ ID NO:18), LPIX-17 
(SEQ ID NO:19), LPIX-18 (SEQ ID NO:20), LPIX-19 (SEQ ID NO:21), LPIX.20 (SEQ 
ID NO:22), LPIX-21 (SEQ ID NO:23), LPIX-22 (SEQ ID NO:24), LPIX-23 (SEQ ID 
NO:25), LPIX-24 (SEQ ID NO:26), LPIX-26 (SEQ ID NO:28), and LPIX-27 (SEQ ID 
NO:29) (the sequences of which are shown in Rg. 2) wherein the portion of the peptide 
preferably has a mean T cell stimulation index (S.I.) equivalent to, or greater than the 
mean T cell stimulation index of the peptide from which it is derived (e.g, as shown in Fig. 
5, the S J. for LPIX-16 (SEQ ID NO:18) is shown above tiie bar to be 3.7, th«^fore any 
portion of LPIX-16 preferably has a mean S.I. of 3.7)* Even more preferably peptides 



wo 95/06728 



PCr/US94/09024 



-25- 

derived from the Lol p V protein allergen which can be used for therapeutic purposes 
comprise all or a portion of the following pqptides: LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ 

- ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-8 (SEQ ID NO: 10). LPDC-9 (SEQ ID NO:l 1), 
LPDC-l 1 (SEQ ID NO;13), LPIX-12 (SEQ ID NO:14), LPIX-16 (SEQ ID NO:18), LPK- 

5 17 (SEQ ID NO:19), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ID NO:22), LPIX-23 
(SEQ ID NO:25), and LPIX-26 (SEQ ID NO:28) as shown in Fig. 2. Even more 
preferably, peptides derived from Lol p V protein alleigen which can be used for 
ther^utic purposes comprise all or a portion of the following peptides: LPK-l (SEQ ID 
V NO:3). LPIX-2 (SEQ ID NO:4), LPIX-3 (SEQ ID NO:5), LPIX-4 (SEQ ID N0:6). LPDC- 

10 5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-7 (SEQ ID NO:9), LPIX-8 (SEQ ID 
NO: 10), LPIX-9 (SEQ ID NO: 1 1), LPK-IO (SEQ ID NO: 12). LPK-l 1 (SEQ ID NO:l 3), 
LPIX-12 (SEQ ID NO:14). LPIX-13 (SEQ ID NO:15). LPIX-14 (SEQ ID N0:16). LPIX- 
15 (SEQ ID NO:17), LPIX-16 (SEQ ID NO:18). LPIX-17 (SEQ ID NO:19), LPIX-18 
(SEQ ID NO:20), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ID NO:22), LPIX-2 1 (SEQ 

15 ID NO:23), LPIX-22 (SEQ ID NO:24). LPIX-23 (SEQ ID NO:25), LPIX-24 (SEQ ID 
NO:26), LPIX-26 (SEQ ID NO:28), and LPIX-27 (SEQ ID NO:29). 

One embodiment of die present invention features ai peptide or portion thereof of 
Lal p y which conqjrises at least one T cell ^itope of the protein allergen and has a 
formula Xn-Y-Zm- According to the formula, Y is an amino acid sequence selected from 

20 the group consisting of: LPIX-1 (SEQ ID NO:3), LPDC-l. 1 (SEQ ID NO:3), LPIX-2 (SEQ 
ID NO:4), LPIX-2.1 (SEQ ID NO: 4), LPIX-3 (SEQ ID NO:5), LPIX-4 (SEQ ID NO:6) 
LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX^7 (SEQ ID NO:9), LPIX-8 (SEQ 

- ID NO:10), LPIX-9 (SEQ ID NOrll), LPIX-10 (SEQ ID NO:12). LPDC-ll (SEQ ID 

- NO: 13), LPIX-12 (SEQ ID NO:14). LPIX-13 (SEQ ID NO:15), LPIX-14 (SEQ ID 
25 NO:16), LPIX-15 (SEQ ID NO:17), LPIX-16 (SEQ ID NO:18). LPIX-17 (SEQ ID 

NO: 19), LPIX-18 (SEQ ID NO:20), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ID 
NO:22), LPIX-21 (SEQ ID NO:23), LPIX-22 (SEQ ID NO:24), LPIX-23 (SEQ ID 
NO:25), LPIX-24 (SEQ ID NO:26). LPIX-26 (SEQ ID NO:28), and LPIX-27 (SEQ ID 
NO:29) (the sequences of which are shown in Fig. 2). In addition, Xq are amino acid 

30 residues contiguous to the amino terminus of Y in the amino acid sequence of the protein 
allergrai and Zm are amino acid residues contiguous to the carboxy tominus of Y in the 
amino acid sequence of the protein allergen. In the formula, n is 0-30 and m is 0-30. 
Preferably, the peptide or portion thereof has a mean T cell stimulation index equivalent to 
greater than die mean T cell stimulation index of Y as shown in Fig. 4. Preferably, amino 

35 acids comprising the amino terminus of X and the carboxy terminus of Z are selected from 
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charged amino adds, i.e., argimne (R)^ lysine (K), histidine (H), glutamic acid (E) or 
aspartic acid (D); amino acids with reactive side chains, e.g., cysteine (C), asparagine (N) 
; or glutamine (Q); or amino adds with sterically small side chains, e.g., alanine (A) or 
. glycine (G). Preferably n and m are 0-5; most preferably n + m is less than 10. 
5 Another embodiment of the present invention provides peptides comprising at least 

two regions, each region comprising at least one T cell epitop>e of Lol p Y and accordingly 
each region comprises at least approximately seven amino acid residues. These peptides 
^comprising at least two regions can comprise up to 100 or more amino a^^ 
preferably comprise at least about 14v even more preferably at least about 20, and most 

10 /preferably at least about 30 amino add residues of the Lol p V allergen. If desired, the 
amino acid sequences of the regions can be produced and joined by a linker to increase 
sensitivity to processing by antigen-presenting cells. Such linker can be any non-epitope 
amino add sequence or other appropriate linking or j oining agent. To obtain preferred 
V peptides conq>ri5ing at least two regions, each comprising at least one T cell epitope, the 

15 regions are arranged in the same or a different configuration from a naturally-occurring 
configurationof the regions in the alleigen. For example, the regions containing T cell 
epitppe(s) can be arranged in a noncontiguous configuration and can preferably be derived 
from the same protein allergen. Noncontiguous is defined as an arrangement of regions 
containing T cell epitope(s) which is dififerent than that qf the native amino add sequence 

20 of the protein allergen froni which the regions are derived. Furthermore, the 

noncontiguous regions containing T cell epitopes can be arranged in a nonsequential order 
(e.g., in an order different from the order of the amino adds of the native protein allergen 
from which the region containing T cell epitope(s) are derived in which amino acids are 
arranged from an amino terminus to a caifooxy terminus). A peptide of the invention can 

25 comprise at least 15%, at least 30%, at least 50% or up to 100% of the T cell epitopes of 
Lol p Y but does not comprise the entire amino acid sequence of Xa/p V. 

The individual peptide regions can be produced and tested to determine which 
regions bind inmiunoglobulin E specific for Lol p V and which of such regions would 
cause the release of mediators (e.g., histamine) from mast cells or basophils. Those 

30 peptide regions found to bind immunoglobulin E and to cause the release of mediators 
from mast cells or basophils in greater than approximately 10-15% of the allergic sera 
tested are preferably not included in the peptide regions arranged to form prefeixed 
p^tides of the invention. 

Examples of preferred peptide regions which do not appear to bind to IgE in 

35 preliminary IgE binding data studies (Example 3) includ the amino acid sequences of 
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such regions being shown in Fig. 2 (SEQ ID NO:3^29), or portions of said regions 
comprising at least one T cell epitope. 

Preferred peptides comprise various combinations of two or more of the above- 
discussed preferred regions, or a portion ttiereof. Preferred peptides comprising a 
5 combination of two or more regions (each region having an amino acid sequence as shown 
in Hg. 2), include the following: 

LPIX-4 (SEQID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-16 (SEQ 
c IDNO:18).LPIX-17(SEQIDNO:19),andLPIX-20(SEQIDNO:22); 

LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-12 (SEQ 
10 ID NO:14), LPIX-16 (SEQ ID NO:18),LPIX-17 (SEQ ID NO:19), andLPIX-20(SEQID 

NO:22); 

LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8). LPIX-17 (SEQ 
ID NO:19) and LPIX-20 (SEQ ID NO:22); 

LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8) and LPIX-20 
15 (SEQ ID NO:22); 

LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPDC-l 1 (SEQ 
ID NO:13), LPIX-12 (SEQ ID NO:14). LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID 
NO:19) and LPIX-20 (SEQ ID NO:22); 

LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPlX-6 (SEQ ID NO:8), LPIX-8 (SEQ 
20 ID NO:10), LPIX-9 (SEQ ID NO:l 1). LPK-l 1 (SEQ ID NO:13). LPIX-12 (SEQ ID 

NO:14), LPIX-16 (SEQ ID NO: 18), LPIX-17 (SEQ ID NO:19), LPIX-19 (SEQ ID 

NO:21). LPIX-20 (SEQ ID NO:22), LPIX-23 (SEQ ID NO:25) and LPIX-26 (SEQ ID 
■ ■ NO:28); — . - . • 

LPK^ (SEQ ID NO:6), LPK-l 1 (SEQ ID NO: 13), LPIX-16 (SEQ ID NO: 18), and 
25 LPIX-20 (SEQ ID NO:22); 

LPIX-4 (SEQ ID NO:6), LPK-l 1 (SEQ ID NO: 13). LPK-17 (SEQ ID NO:19), and 

LPK-20 (SEQ ID NO:22); 

LPK-4 (SEQ ID NO:6), LPK-16 (SEQ ID NO:l 8), LPK-17 (SEQ ID NO: 19), and 
LPK-20 (SEQ ID NO:22); 
30 LPK-5 (SEQ ID NO:7), LPK-11 (SEQ ID NO: 13), LPIX-16 (SEQ ID NO:18), and 
LPK-20 (SEQ ID NO:22); 

LPK-5 (SEQ ID NO:7), LPK-l 1 (SEQ ID NO: 13), LPK-17 (SEQ ID NO: 19), and 
LPK-20 (SEQ ID NO:22); 

LPK-5 (SEQ ID NO:7), LPK-16 (SEQ ID NO:18), LPK-17 (SEQ ID NO:19), and 
35 LPK-20 (SEQ ID NO:22); 
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LPDC-ll (SEQ IP NO: 13), LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), and 
LPIX-20 (SEQ ID NO:22); 

LPIX-4 (SEQ ID NO:6), LPK-ll (SEQ ID NO: 13), and LPIX-20 (SEQ ID NO:22); 

LPIX-4 (SEQ ID NO:6), LPIX.16 (SEQ ID NO:18), and LPIX-20 (SEQ ID NO:22); 
5 . LPIX-4 (SEQ ID NO:6). LPIX-17 (SEQ ID NO:19), and LPIX-20 (SEQ ID NO:22); 

LPIX-5 (SEQ ID NO:7), LPK-ll (SEQID NO: 13), and LPIX'-20 (SEQ ID NO:22); 
i LPIX-5 (SEQ ID NO:7), LPIX-16 (SEQ ID NO:18X and LPIX-20 (SEQ ID NO:22); 

.LPIX-1 1 (SEQ ID NO: 13), LPrX-16 (SEQ ID N0:1 8). and LPIX-20 (SEQ ID NO:22); 

LPIX-1 1 (SEQ ID NO: 13), LPIX-17 (SEQ ID NO:19). and LPIX-20 (SEQ ID NO:22); 
10 v#PIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), and LPIX-20 (SEQ ID NO:22) 

LPIX-5 (SEQ ID NO:7), LPIX-17 (SEQ ID NO: 19), and LPIX-20 (SEQ ID NO:22); 

LPIX-4 (SEQ ID NO:6), LPIX-20 (SEQ ID NO:22); 

LPIX-5 (SEQ ID NO:7), and LPIX-20 (SEQ ID NO:22); 

u LPIX-6 (SEQ ID NO:8), and LPIX-20 (SEQ ID NO:22); 
15 LPK-ll (SEQ ID NO: 13), and LPIX-20 (SEQ ID NO:22); 

LPK-12 (SEQ ID NO:14), and LPK-20 (SEQ ID NO:22); 

LPK-16 (SEQ ID NO:18), and LPK-20 (SEQ ID NO:22); and 

LPK-17 (SEQ ID NO:19), and LPK-20 (SEQ ED NO:22). 

In yet another aspect of the present invention, a composition is provided 
20 comprising at least two peptides (e.g., a physical imxture of at least two peptides), each 

comprising at least one T cell epitope of Lol /? ,V. Such compositions can be in the form of 

a composition additionzdly with a phannaceutically acceptable carrier of diluent for 

therapeutic uses, or with conventional non-pharmaceutical excipients for reagent use. 

When used therapeutically, an effective amount of one or more of such compoisitions can 
25 be administered simultaneously or sequentially to an individual sensitive to ryegrass 

pollen. 

In another aspect of the invention, combinations of Lol p V peptides are provided 
which can be administered simultaneously or sequentially. Such combinations may 
comprise thraapeutic compositions comprising only one peptide, or more peptides if 
30 desired. Such compositions may be used simultaneously or sequentially in preferred 
combinations. 

Preferred compositions and preferred combinations of Lolp V peptides which can 
be administered or otherwise used simultaneously or sequentially (comprising peptides 
having amino acid sequences shown in Fig. 2) include the following combinations: 
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LPIX-4 (SEQ ID NO:6). LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8); LPIX-16 (SEQ 
ID NO:18), LPIX-17 (SEQ ID NO:19), and LPIX-20 (SEQ ID NO:22); 
LPIX-4 (SEQ ID NO:6). LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8X LPIX-12 (SEQ 
ID NO:14). LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), and LPIX-20 (SEQ ID 
5 NO:22); 

LPIX-4 (SEQ ID NO:6). LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-17 (SEQ 
ID NO:19) and LPIX-20 (SEQ ID NO:22); 

LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7)i LPIX-6 (SEQ ID NO:8) and LPIX-20 
(SEQIDNO:22); 

10 LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPK-ll (SEQ 
ID NO:13), LPIX-12 (SEQ ID NO:14), LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID 
NO: 19) and LPIX-20 (SEQ ID NO:22); 

LPK-4 (SEQ ro NG:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-8 (SEQ 
ID NO:10), LPIX-9 (SEQ ID NO:ll), LPIX-11 (SEQ ID NO:I3), LPIX-12 (SEQ ID 
15 NO:14), LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19),LPIX-19 (SEQ ID 

NO:21), LPIX-20 (SEQ ID NO:22). LPIX-23 (SEQ ID NO:25) and LPIX-26 (SEQ ID 
NO:28); 

LPIX-4 (SEQ ID NO:6), LPK-ll (SEQ ID NO: 13), LPIX-16 (SEQ ID NO:18), and 
? LPIX-20 (SEQ ID NO:22); 
20 LPIX-4 (SEQ ID NO:6). LPK-ll (SEQ ID NO: 13), LPK-17 (SEQ ID NO:19), and 
LPK-20 (SEQ ID NO:22); 

LPK-4 (SEQ ID NO:6). LPK-16 (SEQ ID NO:18), LPK-17 (SEQ ID NO:19), and 
LPK-20 (SEQ ID NO:22); 

LPK-5 (SEQ ID NO:7), LPK-ll (SEQ ID NO: 13), LPK-16 (SEQ ID NO:18), and 
25 LPK-20 (SEQ ID NO:22); 

LPK-5 (SEQ ID NO:7), LPK-1 1 (SEQ ID NO: 13), LPK-17 (SEQ ID NO: 19), and 
LPK-20 (SEQ ID NO:22); 

LPK-5 (SEQ ID NO:7), LPK-16 (SEQ ID NO:18), LPK-17 (SEQ ID NO:19), and 
LPK-20 (SEQ ID NO:22); 
30 LPK-1 1 (SEQ ID NO: 13), LPK-16 (SEQ ID NO:18), LPK-17 (SEQ ID NO:19), and 
LPK-20 (SEQ ID NO:22); 

LPK-4 (SEQ ID NO:6), LPK-1 1 (SEQ ID NO: 13), and LPK-20 (SEQ ID NO:22); 
LPK-4 (SEQ ID NO:6). LPK-16 (SEQ ID NO:18), and LPK-20 (SEQ ID NO:22); 
LPK-4 (SEQ ID NO:6), LPK-17 (SEQ ID NO:19), and LPK-20 (SEQ ID NO:22); 
35 LPK-5 (SEQ ID NO:7), LPK-1 1 (SEQ ID NO: 13), and LPK-20 (SEQ ID NO:22); 
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LPIX-5 (SEQ ID NO:7), LPIX-16 (SEQ ID NO:18), and LPIX-20 (SEQ ID NO:22); 
LPDC-l 1 (SEQ ID NO: 13). LPIX-16 (SEQ ID NO: 1 8), and LPIX-20 (SEQ ID NO:22); 
LPK-ll (SEQIDNO: 13). LPIX-17 (SEQ ID NO:19). and LPIX-20 (SEQ ID NO:22); 
: LPIX-16 (SEQ ID NO:18). LPIX-17 (SEQ ID NO:19). and LPIX-20 (SEQ ID NO:22); 
5 t LPIX-5 (SEQ ID NO:7). LPIX-17 (SEQ ID NO:19). and LPIX-20 (SEQ ID NO:22); 
i LPIX-4 (SEQ ID NO:6). LPIX-20 (SEQ ID NO:22): 
' LPIX-5 (SEQ ID NO:7), and LPIX-20 (SEQ ID NO:22); 
LPIX-6 (SEQ ID NO:8). and LPIX-20 (SEQ ID NO:22); 
LPK-ll (SEQ ID NO: 13). and LPIX-20 (SEQ ID NO:22); 

10 I EPIX-12 (SEQ ID NO:14), and LPIX-20 (SEQ ID NO:22); 

LPIX-16 (SEQ ID NO: 18), and LPIX-20 (SEQ ID NO:22); and 
LPIX-17 (SEQ ID NO:19), and LPIX-20 (SEQ ID NO:22); 

Li ahotfier aspect of the present invention, a therapeutic composition is provided 
1 comprising iat least two peptides (e.g. a physical mixture of at least two peptides, each 

15 peptide comprising at least one epitope) wherein at least one peptide, comprises an amino 
acid sequence or portion thereof dmved fix)m Lol p V selected from the following groiq>: 
LPIX-1 (SEQ ID NO:3), LPIX-2 (SEQ ID NO:4), LPIX-3 (SEQ ID NO:5), LPIX-4 (SEQ 
ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-7 (SEQ ID NO:9). 
LPIX-8 (SEQ ID NO:10), LPIX-9 (SEQ ID NO:l 1), LPDC-IO (SEQ ID NO:12), LPDC-l 1 

20; (SEQ ID NO: 13), LPIX-12 (SEQ ID NO:14). LPIX-13 (SEQ ID NO:15). LPIX-14 (SEQ 
ID NO:16), LPIX-15 (SEQ ID NO:17), LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID 
NO:19), LPIX-18 (SEQ ID NO:20). LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ID 
NO:22), LPIX-21 (SEQ ID NO:23). LPIX-22 (SEQ ID NO:24), LPIX-23 (SEQ ID 
NO:25). LPIX-24 (SEQ ID NO:26). LPIX-26 (SEQ ID NO:28), and LPIX-27 (SEQ ID 

25 NO:29) (as shown in Fig. 2), and wherein at least one peptide comprises an amino add 

sequence or portion thereof derived from Lo/p I selected from the following group: LPI-1 
(SEQ ID NO:30), LPI-1.1 (SEQ ID NO:31), LPI-2 (SEQ ID NO:32), LPI-3 (SEQ ID 
NO:55). LPI-4 (SEQ ID NO:33), LPI-4.1 (SEQ ID NO:34). LPI-5 (SEQ ID NO:35), LPI-6 
(SEQ ID NO:36), LPI-7 (SEQ ID NO:37), LPI-S (SEQ ID NO:38), LPI-9 (SEQ ID 

30 NO:39), LPI-10 (SEQ ID NO:40). LPI-1 1 (SEQ ID NO:41), LPI-12 (SEQ ID NO:42). 
LPI-13 (SEQ ID NO:43). LPI-14 (SEQ ID NO:44), LPI-15 (SEQ ID NO:45), LPI-16 
(SEQ ID NO:46), LPI-1 6.1 (SEQ ID NO:47). LPI-17 (SEQ ID NO:48), LPI-18 (SEQ ID 
NO:49). LPI-19 (SEQ ID NO:50), LPI-20 (SEQ ID NO:56). LPI-21 (SEQ ID NO:51). 
LPI-22 (SEQ ID NO:52), and LPI-23 (SEQ ID NO:53).(as shown in Fig.,3). The isolation 

35 and cloning of the clones encoding Lol pi as well as the synthesis of the various Lol p I 
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peptides shown in Fig. 3, along with human T cell studies using Lol p I and using various 
peptides derived from Lol p I are described in PCTAJS94/02S37, which is hoeby 
incorporated by reference in its entire^. 

Preferably, a therapeutic composition conq>rises at least four, five, six, seven, or 
5 eight peptides wherein at least two, three or four peptides are derived from Lol p V and are 
selected from tije following group: LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), 
LPI-6 (SEQ ID NO:36), LPIX-1 1 (SEQ ID NO: 13), LPI-12 (SEQ ID NQ:42), LPIX-16 
(SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), and LPIX-20 (SEQ ID NO:22), and at least 
two, three or four peptides are derived from Lol p I and selected from the following group: 

10 LPI-16 (SEQ ID NO:46), LPI-18 (SEQ ID NO:49). LPI-20 (SEQ ID NO:56), and LPI-23 
(SEQ ID NO:53); for example, a prefmed therapeutic composition comprises at least two 
peptides of Lol p I and two p^tides of Lol p V, or two pq>tides of Lol p I and three 
peptides of Lol p V, or three peptides from Lol p I and three peptides from Lol p V, or 
: three peptides from Lol p I and four peptides from Lo/p V, or four peptides from Lolp l 

15 and four peptides from IjoI p V, or four peptides from Lol p I and three pq>tides from Lol 
pV. 

In another aspect of the present invention a method is provided comprising 
administraing a combination of peptides or portions thereof derived from Lol pY and Lol 
p 1 which can be administered simultaneously or sequentially; each of such peptides can 
20 be in the form of a then^eutic composition with a pharmaceutically acceptable carrier or 
diluent Examples of preferred compositions and prefnred combinations comprising Lol p 
V and Lol p I peptides or portions thaneof, which can be administered simultaneously or 
sequentially conqirise the following combinations: 

25 LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPl-4.1 (SEQ ID NO:34), LPI-10 (SEQ ID 
NO:40), LPI-11 (SEQ ID NO:41), LPI-15 (SEQ ED NO:45), LPI-22 (SEQ ID NO:52), 
LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7). LPIX-6 (SEQ ID NO:8), LPIX-8 (SEQ 
, ID NO:10), LPIX-9 (SEQ ID NO:ll), LPK-ll (SEQ ID NO:13), LPIX-12 (SEQ ID 

30 NO:14). LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19). LPIX-19 (SEQ ID 
NO:21), LPIX-20 (SEQ ID NO:22), LPIX-23 (SEQ ID NO:25). LPIX-26 (SEQ ID 
NO:28); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49)i LPI-20, LPI-23 (SEQ ID NO:53), 
35 LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-10 (SEQ ID NO:40), LPI-11 (SEQ 
ID NO:41), LPI-15 (SEQ ED NO:45), LPI-22 (SEQ ID NO:52), LPIX-4 (SEQ ID NO:6), 
LPIX-5 (SEQ ID NO:7). LPIX-6 (SEQ ID NO:8), LPIX-8 (SEQ ID NO: 10), LPIX-9 (SEQ 
ID NO:l 1), LPIX-11 (SEQ ID NO:13), LPIX-12 (SEQ ID NO:14). LPIX-16 (SEQ ID 
NO:18), LPIX-17 (SEQ ID NO:19), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ID 
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NO:22), LPIX-23 (SEQ ID NO:25), LPIX-26 (SEQ ID NO:28), LPIX-4 (SEQ ID NO:6), 
LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-9 (SEQ ID N0:11), LPIX-11 
(SEQ ID N0:13), LPIX-12 (SEQ ID NO:14), LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ 
ID NO:19), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ID NO:22); 

V LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56). LPI-23 
(SEQ ID NO:53). LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-10 (SEQ ID 
NO:40), LPM 1 (SEQ ID NO:41), LPI-15 (SEQ ID NO:45), LPI-22 (SEQ ID Nb:52), 
LPIX-4 (SEQ ID NO:6). LPIX-5 (SEQ ID NO:A LPIX-6 (SEQ ID NO:8), LPIX-9 (SEQ 
10 . ID NO:ll), LPIX-12 (SEQ ID NO:14), LPIX-16 (SEQ ID NO;18), LPIX-17 (SEQ ID 
NO:19), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ID NO:22), LPIX-23 (SEQ ID 
NO:25);- 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-2G (SEQ ID NO:56), LPI-23 
15 (SEQ ID NO:53), LPI-3 (SEQ ID NO:55X LPI-4.1 (SEQ ID NO:34), LPI-10 (SEQ ID 
NO:40), LPI-1 1 (SEQ ID NO:41), LPI-15 (SEQ ID NO:45), LPl-22 (SEQ ID NO:52), 
LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8). LPIX-12 (SEQ 
» ?ID NO:14), LPIX-16 (SEQ ID NO: 18), LPIX-17 (SEQ ID NO:19), LPIX-19 (SEQ ID 
NO:21), LPIX-20 (SEQ ID NO:22); 

20 

LPI-16.1 (SEQ ID NO:47), LPI-1 8 (SEQ ID NO:49). LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-10 (SEQ ID 
NO:40). LPI-1 1 (SEQ ID NO:41). LPI-15 (SEQ ID NO:45), LPI-22 (SEQ ID NO:52), 
LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7). LPIX-6 (SEQ ID NO:8), LPIX-16 (SEQ 
25 ID NO:18), LPIX-17 (SEQ ID NO:19), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ID 
NO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-10 (SEQ ID 
30 Np:40), LPI-1 1 (SEQ ID NO:41), LPI-15 (SEQ ID NO:45), LPI-22 (SEQ ID NO:52); 

LPH6.1 (SEQ ID NO'AT), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56). LPI-23 
(SEQ ID NO:53). LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34>, LPI-10 (SEQ ID 
NO:40), LPI-1 1 (SEQ ID NO:41), LPI-15 (SEQ ID NO:45), LPIX-4 (SEQ ID NO:6), 
35 LPIX-5 (SEQ ID NO:7). LPIX-6 (SEQ ID NO:8), LPIX-8 (SEQ ID NOrlO), LPIX-9 (SEQ 
ID NO:l 1), LPK-ll (SEQ ID NO:13). LPIX-12 (SEQ ID NO: 14). LPIX-16 (SEQ ID 
NO: 18), LPIX-17 (SEQ ID NO:19), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ID 
NO:22), LPIX-23 (SEQ ID NO:25), LPIX-26 (SEQ ID NO:28); 

40 LPI-16.1 (SEQ ID NO:47), LPI-1 8 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55). LPI-4.1 (SEQ ID NO:34), LPI-IO (SEQ ID 
NO:40), LPI-1 1 (SEQ ID NO:41), LPI-15 (SEQ ID NO:45). LPiX-4 (SEQ ID NO:6), 
LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-9 (SEQ ID NO:l 1), LPK-l 1 
(SEQ ID NO: 13), LPIX-12 (SEQ ID NO: 14), LPIX-16 (SEQ ID NO: 18), LPIX-17 (SEQ 

45 ID NO:19), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ED NO:22); 
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LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53). LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-IO (SEQ n> 
NO:40), LPI-11 (SEQ ID NO:41), LPI-15 (SEQ ID NO:45), LPIX-4 (SEQ ID NO:6), 
,5 LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-9 (SEQ ID NO:l l)i LPIX-12 

(SEQ ID NO:14), LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), LPIX-19 (SEQ 
ID NO:21), LPIX-20 (SEQ ID NO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
10 (SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-10 (SEQ ID 
NO:40), LPI-1 1 (SEQ ID NO:41), LPI-15 (SEQ ID NO:45), LPIX-4 (SEQ ID NO:6), 
LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO: 8), LPIX-12 (SEQ ID NO: 14), LPIX-16 
(SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ 
IDNO:22); 

15 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34). LPI-10 (SEQ ID 
NO:40), LPI-11 (SEQ ID NO:41), LPI-15 (SEQ ID NO:45), LPIX-4 (SEQ ID NO:6), 
LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-16 (SEQ ID NO:18), LPIX-17 
20 (SEQ ID NO:19). LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ID NO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34). LPI-10 (SEQ ID 
NO:40). LPI-1 1 (SEQ ID NO:41), LPI-15 (SEQ ID NO:45), LPIX-4 (SEQ ID NO:6). 
25 LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-16 (SEQ ID NO: 18), LPIX-17 
(SEQ ID NO: 19), LPIX-20 (SEQ ID NO:22); 

LPI-16.1 (SEQ ID NO:47). LPI-18 (SEQ ID NO:49). LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPIX-4 (SEQ ID 
• 30 NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-8 (SEQ ID NO:10), 

LPIX-9 (SEQ ID NO:l 1), LPDC-l 1 (SEQ ED NO:13), LPIX-12 (SEQ ID NO:14), LPIX-16 
(SEQ ID NO:18), LPIX-17 (SEQ ID NO: 19), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ 
ID NO:22); LPIX-23 (SEQ ID NO:25), LPIX-26 (SEQ ID NO:28); 

35 LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53). LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPIX-4 (SEQ ID 
NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-9 (SEQ ID NO:l l), 
LPK-l 1 (SEQ ID NO:13), LPIX-12 (SEQ ID NO: 14), LPIX-16 (SEQ ID NO:18), LPIX- 
17 (SEQ ID NO:19), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ID NO:22); 

40 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPIX-4 (SEQ ID 
NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-9 (SEQ ID NO:l 1), 
LPIX-12 (SEQ ID NO:14), LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), LPK- 
45 19 (SEQ ID NO:21), LPIX-20 (SEQ ID NO:22). LPIX-23 (SEQ ID NO:25); 
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LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ED NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34). LPIX-4 (SEQ ID 
NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-12 (SEQ ID NO:14), 
LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), LPIX-19 (SEQ ID NO:21), LPK- 
20 (SEQ ID NO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID Nd:49), LPi-20 (SEQ ID NO:56), LPI-23 
- (SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID N0:34); LPIX-4 (SEQ ID 
, ^NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-16 (SEQ ID NO:18), 
LPIX-17 (SEQ ID NO:19), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ID NO:22); 

Sl.PI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56). LPI-23 
(SEQ ID NO:53), LPI-3 (^Q ID NO:55), LPI-4.1 (SEQ ID NO:34), LPIX-4 (SEQ ID 
NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8). LPIX-16 (SEQ ID NO:18), 
LPIX-17 (SEQ ID NO:19), LPIX-20 (SEQ ID NO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53). LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-22 (SEQ. ID 
NO:52), LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), 
LPIX-8 (SEQ. ID NO: 10), LPIX-9 (SEQ. ID NO:l 1), LPK-l 1 (SEQ. ID NO: 13), LPIX- 
12 (SEQ. ID NO:14), LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19). LPIX-19 
(SEQ. ID NO:21), LPIX-20 (SEQ ID NO:22), LPIX-23 (SEQ. ID NO:25), LPIX-26 (SEQ. 
IDNO:28); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-22 (SEQ ID 
NO:52), LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), 
LPIX-8 (SEQ ID NO: 10), LPIX-9 (SEQ ID NO: 11). LPK-l 1 (SEQ ID NO: 13). LPIX-12 
;(5EQ ID NO:14). LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), LPIX-19 (SEQ 
rID NO:21), LPIX-20 (SEQ ID NO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53). LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-22 (SEQ ID 
NO:52), LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7). LPIX-6 (SEQ ID NO:8), 
LPIX-9 (SEQ ID NO:ll), LPIX-12 (SEQ ID NO:14), LPIX-16 (SEQ ID NO:18), LPIX-17 
(SEQ ID NO:19), LPIX-19 (SEQ ID NO:21). LPIX-20 (SEQ ID NO:22), LPIX-23 (SEQ 
IDNO:25); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-22 (SEQ ID 
NO:52), LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8). 
LPIX-12 (SEQ ID NO:14), LPIX-16 (SEQ ID NO:18). LPIX-17 (SEQ ID NO:19), LPIX- 
19 (SEQ ID NO:2l). LPIX-20 (SEQ ID NO:22); 



wo 95/06728 



PCT/US94y09024 



-35- 



LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53),LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34). LPI-22 (SEQ ID 
NO:52), LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7). LPIX-6 (SEQ ID NO:8), 
LPK-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), LPIX-19 (SEQ ID NO:21), LPK- 
5 20(SEQIDNO:22); 

LPI-16.1 (SEQ ID NO:47). LPI-18 (SEQ ID NO:49). LPI-20 (SEQ ID Nd:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4,1(SEQ ID NO:34), LPI-22 (SEQ ID 
• NO:52), LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), 
10 LPIX-16 (SEQ ID NO: 18). LPIX.17 (SEQ ID NO:19). LPIX-20 (SEQ ID NO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID 
NO:7), LPIX-6 (SEQ ID NO:8), LPIX-8 (SEQ ID NO:10), LPIX-9 (SEQ ID NO:ll), 
15 LPK^ll (SEQ ID NO:13). LPIX-12 (SEQ ID NO: 14). LPIX-16 (SEQ ID NO:18), LPIX- 
17 (SEQ ID NO:19), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ID NO:22), LPIX-23 
(SEQ ID NO:25), LPIX-26 (SEQ ID NO:28); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
20 (SEQ ID NO:53), LPIX-4 (SEQ ID NO:6). LPIX-5 (SEQ ID NO:7). LPIX-6 (SEQ ID 
NO:8), LPIX-9 (SEQ ID NO: 1 1), LPIX-1 1 (SEQ ID NO: 13), LPIX-12 (SEQ ID NO:14). 
LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19). LPIX-19 (SEQ ID NO:21). LPIX- 
20 (SEQ ID NO:22); 

25 LPI-16.1 (SEQ ID NO:47), LPI-1 8 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID 
NO:8), LPK-ll (SEQ ID NO:13). LPIX-12 (SEQ ED NO:14), LPIX-16 (SEQ ID NO:18), 
LPK-17 (SEQ ID NO: 19), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ED NO:22); 

30 LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPiX-4 (SEQ ID NO:6). LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID 
NO:8), LPIX-12 (SEQ ID NO:14), LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), 
LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ID NO:22); 

35 LPI-16.1 (SEQ ID NO:47). LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID 
NO:8). LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO: 19), LPIX-19 (SEQ ID NO:21), 
LPIX-20 (SEQ ID NO:22); and-. 

40 LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56). LPI-23 
(SEQ ID NO:53), LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7). LPIX-6 (SEQ ID 
NO:8), LPDC-n (SEQ ID NO:13), LPIX-12 (SEQ ID NO:14). LPIX-16 (SEQ ID NO:18), 
LPrX-17 (SEQ ro NO:19), LPIX-20 (SEQ ID NO:22). 
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In addition, a composition is provided comprising at least two Lol p I peptides (e.g. 
a physical mixture of at least two peptides), each comprising at least one T cell epitope of 
Lol p i. Such compositioiis can be adnunistered in the fonn of a therapeutic comi^^ 
with with a pharmaceutically acceptable carrier or dilurat to treat ryegrass sensitivity and 
5 particularly, sensitivity to Lolp I protein alleigen^ Preferred compositions and preferred 
- combinations of Lol p I peptides which can be administered simultaneously or 
^ " sequentially (comprising peptides having the amino acid sequences shown in Rg» 3 
include the following combinations: 

10 XPI-16 (SEQ ID NO:46), and LPI.20 (SEQ ID NO:56); 
LPM8 (SEQ ID NO:49), and LPI-20 (SEQ ID NO:56); 
LPI-20 (SEQ ID NO:56). and LPI.23 (SEQ ID NO:53); 

LPI-16 (SEQ ID NO:46), LPI-1 8 (SEQ ID NO:49), and LPI-20 (SEQ ID NO:56); 
LPI-16 (SEQ ro NO:46>, LPI-20 (SEQ ID NO:56), and L^^ 
15 LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), and LPI-23 (SEQ ID NO:53); 

LPI-16 (SEQ ID NO:46), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), and LPI-23 
(SEQIDNO:53). 

Any of the compositions described herein are useful in the manufacture of a 
20 medicament for treating sensitivity to ryegrass pollen allergen or an inununologically 
cross reactive allergen in an individual. 

Hie present invention if further illustrated by the following non-limiting Figures 
and Examples. 

25 EXAMPLEI 

Purification of Native Lol p V from ryegrass pollen 

A. Production and purification of monoclonal antibody (mAb) IB 9. 

30 Balb/c mice were immunized with crude Dactylis glomerata (orchard grass/cocksfoot 

grass) pollen extract and antibody secreting clones were generated as described (Walsh et aL^ Int 
Arch. Allergy AppL Immunol^ 1990, 91: 419-425). MAb 1B9 hybridoma clone which cross- 
reacts to Lol p V was obtained firom Dr. Walker (Univ. Birmingham, Wolfson Research Lab, 
Birmingham,UK). Ascitic fluid generated firom Balb/c mice was produced by contract (Babcp, 

35 Richmond, CA). The andbodies were purified fi-om ascites fluid by (NH4)2 SO4 precipitation 
(50% saturation). The pellet was resuspended in lOmM phosphate buffer, pH 7.5 and dialyzed 
against the same buffer at A^C overnight and then fi:actionated by ion-exchange chromatography 
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on FPLC Q-Sepharose (Pharmacia, Piscataway, NJ) using linear gradient 0-0.5 M NaQ. IgG was 
eluted between 0.15-0.2 M NaCl concentration. 



B. Preparation of 1B9 inimunoaffinity column 

/- ■ 5': ..... 

Purified 1B9 was coupled to Affigel-lO (Biorhd/Richmond, CA) using 3-4 mg p 
of gel according to manufacturers instructions. In brief, PFLC Q-Sepharose purified mAb 1B9 
was dialyzed against O.IM MOPS buffer, pH 7.5 with two to three changes overnight at 4^C. The 
Affigel-lO iesin was washed with deionized cold H2O in a sdntered glass fu^ The washed 
; 10 resin was mixed with the 1B9 antibody for four hours at 4^e, followed by an one-hour blocking 
step with 1 M ethanolamine, pH 8.0. Resin was packed into a column, washed with PBS and then 
stored in PBS + 0.05% sodium azide, 

C. Affinity purification of Lo/ p V firom ryegrass pollen 

15 

lOOg defatted ryegrass pollen (purchased firom Greer Laboratories, Lenoir, NQ was 
extracted in 1 liter extraction buffer containing 0.05 M phosphate buffer, pH 7.2, 0.15 M NaQ, 
phenyl methyl sulfonyl fluoride (170 |ig/mL), leupeptin (1 pg/mL), pepstatin (Ipg^mL) and 
soybean trypsin inhibitor (l^g/mL). 

20 The pollen was extracted by stirring the solution overnight at 4^C, followed by 

centrifugation at 12,000 x g for 100 minutes. The insoluble materials were re-extracted in 0.5- 
1 .OL extraction buffer and then the supematants were combined and depigmented by batch 
absorption onto 100 mL DE-52 cellulose (Whatman, Maidstone, England) equilibrated with 0.05 
M phosphate buffer + 0.3 M NaQ, pH 7.2. 

25 The unbound materials were loaded onto the 1B9-Affigel-10 colunm at a flow rate of 

0.5ml/min. The column was then washed extensively with PBS, PBS + 0.5 M NaCl and once 
again with PBS before elution of the Lol p V allergens with 0.1 M glycine, pH 2.7. Fractions 
were neutralized with 1 M Tris, pH 11.0 inunediately. These affinity-purified materials wctc used 
in IgB studies and T cell epitope mapping. 

30 

Phvsicochemical properties of affinitv-purified Lol p V 

The 1B9 affinity-purified material was analyzed by SDS-PAGE. As shown in Fig. 15, Lol 
p V exists as multiple bands with molecular weight ranged firom 29,000 - 22,000. All these 
components were reactive with 1B9 by Western blotting analysis (data not shown). These 
35 components were electroblotted onto ProBlott membrane (Applied Biosystems, Foster City, CA), 
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stained by Coomassie blue and the three major bands were excised and sequenced on a Beckman 
LI^-3000 sequencer (Beckman Instruments, Carlsbad, CA). N-terminal amino acid sequence of 
the three bands are shown in Table L The sequencing data shows that the nuddle and 
molecular weight bands represent N-terminal cleavage products of the higher molecular weight ^ 
5 component. The N-terminus sequence was identical to the cloned Lol p V (12R) (see PCT 
, application publication number WO93/04174>. The 5 proline residues at the N-temiinus were 
found to be all hydroxyprolines, which seemed to be common to Group V allergens from 
Nortfiem grasses (Matthiesen, F. et al., 1991, Clin. Exp. Allergy, 21:297-307)^ We also 
determined the lB9-affinity purified material by amino add analysis (Table 2) and the data were 
10 HY^ry simflar to the Lol p V and odier group V allergens fiom Northern grasses reported by 
Klysneret al., (C/iVi. Experimental Allergy, 1992, 22:491-497). Furthermore, Western blot 
analysis using specific anti-group I mAb (data not shown) demonstrated Group I proteins could 
not be detected in these preparations. Thus, taken together these data suggest that the 1B9- 
afQnity purified preparations contained only Group V allergens. 
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Table 1 

5 ■ 

N-texminal amino acid sequence and cleavage site of Lol p V allergen 

1 X 11 I 

ADAOYTP' AAAAT P" A T P' A AT P* 

21 31 
A A A G G K A T T D E Q K 

F r^resents hydroj^roline 

Hie N-tennmal sequence was detennmed from the three nuy or bands ^ectroblotted onto ProBlott 
membrane. The upper band starts with amino acid 1 whereas tiie middle and the lower bands start at amino 
20 acid 9 and 18» respectively. The arrows indicate the cleavage sites. 



amino acid # 
10 liOl p V 
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Table 2 : Amino add composition of Group V allergens 



Mole % 



Amino add 


Phip 




. , nvnt 1 
. CApi 1 


Lotp 

CApi A 


eApi D 


Asx 


5.4 


6.3 


5.3 


6.7 


7.5 


Thr 


7.6 


8.6 


7.4 


8.7 


9.2 


"ser 


5.1 


2.0 


3,3 


2.3 


2.7 


Glx 


10.2 


9.8 


7.4 


8.8 


8.9 


Gly 


6.4 


4.0 


7.2 


5.2 


4.8 


Ala 


25.7 


29.0 


27.7 


31.3 


31.7 


Cys 


0.0 


1.0 








Val 


6.6 


6.4 


5.5 


5.5 


6.4 


Met 


0.7 


0.3 


0.5 


0.3 


0.8 


Be 


3.6 


3.4 


3.5 


2.9 


3.1 


Leu 


4.7 


5.9 


6.5 


5.0 


5.3 


Tyr 


3.5 


3.0 


2.9 


2.5 


1.7 


Phe 


4.1 


5.0 


4.8 


4.0 


4.5 


ms 


0.8 


0.3 




0.2 


0.5 


Lys 


8.8 


9.8 


11.0 


9.2 


6.0 


Ajg 


1.0 


0.4 


0,6 


0.4 


0.8 


Pro 


4.5 


4.9 


5.4 c 


4.7 c 


3.7 c 


Hyp 


1.4 




1.5c 


1.8 c 


1.7 c 



NJL (Not reported) 

^ values reported by Klysn^, S, et al Clin. Exp. Allergy (1992) 22: 491-497. 

^ the amino acid composidpn was determined firom mAb lB9-affinity purified materials and values obtained 

&om three experiments are presented. 
^ the content of proline and hydroxyproline was determined by peak height since the hydroxyproline peak was 

very broad due to an contaminant which eluted at the trailing edge of the hydroxyproline peak. All the other 

amino acids were determined by peak areas. 
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Example 2 - Human T Cell Studies with Lol p\ 

Synthesis of Overlapp in g Peptides 

The ainino acid sequence of I^/ p V was deduced firom the cDNA sequence of 
5 clone 12R (SEQ ID NO:2) ATCC nuniber 69475 as shown in Fig. 1 . The details of the 
isolation and cloning of clone 12R encoding Lol p V (described as Lol j? Ib.l) are given in 
PCT ^plication publication number WO93/04174 incorporated herein by reference in its 
entirety. One example of expression of recombinantly produced Lolp V encoded by clone 
12R is given in Example 4, to follow. 
10 Ryegrass Lol p V overlapping peptides were S3mthesized using standard 

FmocABoc synthetic chemistry and purified by Reverse Phase HPLC. Fig. 2 shows Lol p 

V peptides used in these studies. The peptide names are consistent throughout. 

T Cell Responses to Ryegrass Antigen Peptides 

15 Peripheral blood mononuclear cells (PBMC) were purified by lymphocyte 

separation medium (LSM) ccntrifiigation of 60 ml of heparinized blood from grass- 
allergic patients who exhibited clinical symptoms of seasonal rhinitis and were skin test 
positive for grass. Long-term T cell lines were established by stimulation of 2x10^ 
PBL/ml in bulk cultures of complete medium (IRPMI-164), 2 mM L-glutamine, 100 U/ml 

20 penicillin/streptomycin, SxlO-^M 2-m^captoethanol, and 10 mM HEPES. supplemented 
with 5% heat-inactivated human AB serum, with 10 ^g/ml of affinity purified rlative Lol p 

V for 6 days at ST'C in a humidified 5% CO2 incubator to select for Lol p V reactive T 
Cells. This amount of priming antigen was determined to be optimal for the activation of 
T cells firom most grass-allergic patients. Viable cells were purified by LSM 

25 cehtrifiigation and cultured in complete niedium» supplemented with 5 units recombinant 
human IL-2/ml and 5 units recombinant human IL-4/ml for up to 3 weeks until the desired 
cell number were achieved. The cells were allowed to rest for 4-6 days. 

The ability of the T cells to proliferate to selected peptides, recombinant Lol p I 
(tLoI p I), purified native Lol p V, purified iLol p V, or recombinant Fel d I {xFel d I) 

30 (chain I), or tetanus toxoid (TT) was then assessed. For assay, 2X10^ rested ceUs were 
restimulated in the presence of 2X10* autologous Epstein-Bair virus (EBV)-transformed 
B cells (prepared as described below) or 5X10* irradiated PBL with 2-50 mg/ml of xLol p 
I, purified nativ LolpV^ xFel (Chain I), or xLol I, in a volume of 200 ml compl te 
medium in duplicate weUs in 96-well round-bottom plates for three days. Each well then 

35 received 1 mCi tritiated thymidine for 16-20 hours. The counts incorporated were 
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coUected onto glass fiber filter mats and processed for liquid scinitiUation counting. The 
varying antigen dose in assays with vLol p V» purified native Lol p V, and recombinant Lol 
p I and antigenic peptides synthesized as described above were determined. The titrations 
were used to optimize the dose of peptides in T cell assays* The maximum response in a 
5 titration of each peptide is exj^ssed as the stimulation index (S.L). The SI. is the counts 

per minute (CPM) incorporated by cells in response to peptide, divided by the CPM 
^ incorporated by cells in medium only. An S J. value equal to or greater than 2 times the 
^ background level is considered "positive" and indicates that the peptide contains a T cell 
fepitope. The positive results were used in calculating mean stimulation indices for each 
10 (peptide for the group of patients tested. The results (not shown) demonstrate that one 

patient responds well to recombinant Lol p V and purified native Lol p V, as well as to Lol 
p V peptides but not to rFe/rf I (Chain I) or TT. This indicated that LoZ p V T cell 
epitopes are recognized by T cells firom this particular allergic patient and that rLol p V 
. contains such T cell epitopes. 
15 The above procedure was foUowed with a total of 19 patients. Individual patient 

results were used in calculating the mean S.L for each peptide if the patient responded to 
the purified native Lol p V protein at an S J. of 2.0 or greater and the patient responded to 
at least one peptide derived from purified native Lol p I at an S.L of 2.0 or greater. A 
^ sununary of positive experiments fix>m 19 patients is shown in Fig. 4. The numbers above 
20 each bar report the mean SX for that peptide. The numbers enclosed in the parentheses 
denote percentage of patients responding to that particular peptide. The bar represents the 
ppsitivity index for each peptide (% of patients responding multiplied by mean S.L). 
^ : ■ v;f^ Hg- 5 shows the ranked sum for each peptide derived from the same data as 
c^described above. The bar represents the cumulative rank of the peptide response in the 
25 Vfgtpupofthe 19 patients tested. To determine the cumulative rank, the 5 peptides with the 
highest S.L in each individual are determined and assigned a nimierical rank iii descending 
order, with 5 representing tiie strongest response. The ranks for each pejptide were then 
summed for the entire group of patients to determine the cumulative rank for the peptide. 
Above each bar is the mean S.L and percent of positive responses (in parenthesis) with an 
30 S.L of at least 2 to the peptide in the group of 19 patients tested. Given the percent 

positive and the mean T cell stimulation index, the positivity index (P.I.) for each peptide 
can be calculated by multiplying the two numbers. Fig. 5 shows that LPIX-20 has the 
highest ranked sum of the peptides in this study. 
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Example 3 

^ Lol pW Bsa Major Ryegrass Pollen AUeigen 
5 A) ELIS A Analysis 

To examine the importance of Lol p V, both direct and competition ELISA assays 

t were perfomied. In the direct ELISA, lOOpl of 10|ig/ml of antigen in Phosphate Buffered 
Saline, pH 7,4 (PBS) was used to coat Immulon n (Dynatech, Chantilly, VA) 96 well 

i 10 plates for 4 hours at room temperature (RT) or overnight (O/N) at 4®C. In between each 
step the plates were washed 3X with PBS-T. The excess coating antigen(s) was removed 
and the wells blocked widi 300Ml/well 0.5% gelatin + Img/ml PVP in PBS for 1 hour at 
RT. Serially diluted patient plasma or the diluent PBS + 0.05% Tween-^^ was incubated 
in at lOOfil/well in duplicate wells overnight at 4**C. Unbound antibody was removed, and 

15 the wells incubated with lOOpl/well of 2nd Ab (1 rlOOO, biotinylated goat anti-human IgE, 
KFL Inc., Gaithersburg, MD) for 1 hour at RT. This solution was removed and 
5tceptavidin*horse radish peroxidase (HRPO) (1:10000) was added at lOO^ywell (SBA 
Inc., Birminghano, AL) and incubated for 1 hr at RT. 3, 3', 5, 5'-tetramethylbenzidine 
(TMB) Substrate (KPL, Gaithersburg, MD) was freshly mixed and added at lOOpl/well 

20 arid the color allowed to develop for 1-5 minutes. The reaction was stopped by the 

addition of lOOpl/well IM phosphoric acid. Plates were read on a MR7000 plate reader 
(Dynatech, Chantilly, VA) with a 450nm filter. The absorbance levels of duplicate wells 
were averaged. The results were graphed as absorbance vs. dilution. The competition 
ELISA were carried out using the same protocol with the following changes: a single 

^25 dilution of patient plasma (or pooled human plasma (PHP)) was used as the source of IgE; 
' seriaUy diluted antigen was niixed with the plasma and aUowed to incubate O/N at 4^^^ 
This plasma was then incubated on duplicate wells. The results are plotted as the 
absorbance vs. the log of the concentration of competing antigen. 

30 For the direct ELISA, wells were coated with either soluble pollen extract (SPE) of 

ryegrass pollen or tLoI p V (purified native Lol p V may have a small amount of Lol p I; 
use of recombinant material assiu^es that the IgE binding is only to Lol p V ) and human 
IgE antibody binding to these antigens was analyzed. PHP, consisting of an equal volume 
of plasma from 20 patients with a ryegrass prick test score of 3+ or greater (PHP-A), or 

35 PHP consisting of equal aliquots of plasma firom 40 grass skin test reactive patients with 
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high IgE binding as measured by direct ELISA (PHP-B), or plasma from individual 
patients wctc compared in this assay. The results of binding reactivity with PHP-A (Fig. 
6), PHP-B (Rg. 7), four individual patients on ryegrass pollen SPE (Fig. 8), and purified 
y iLol p V (Hg. 9) to either SPB or tLoI p V, indicate that there is high IgE binding to both 
5 the pollen extract and the recombinant protein. 

i ; . In the competition assay, ELISA wells were coated with ryegrass pollen SPE and 

then allergic patient IgiE binding was measured in the presence of competing ryegrass 
pollen SPE, purified native Lol p V, or zLol p V. The source of allergic IgE in this assay 
10 i^was PHP-A CFigure 10) or individual patient plasma (Figure 11), The competition assays 
confinn that a significant portion of IgE against La/ p SPE is specific for Lo/ /7 y, 

B) Histamine Release Analysis 

15 A histamine release assay was performed on one ryegrass allergic individual, using 

Lol p SPE and tLoI p V as the added antigens. This assay is a measure of IgE reactivity 
through human basophil mediator release, and it is based on the detection of an acyla^ 
derivative of histamine using a specific monoclonal andbody (Morel, A^. and Delaage, 
M.A.; 1988, J. AUergy Clin. Immunol. 82: 646-654). The reagents for this 

20 radioimmunoassay are sold as a kit by Amac Inc. (Westbrook, ME). Whole heparinized 
blood drawn from a grass allergic individual and then 200pl aliquots were mixed with an 
equal amount of the grass antigens SPE and iLol p V at various concentrations or the 
diluent, PACM buffer (25mM PIPES, lOOmM NaCl, 5mM KCL, 4mM CaCl2, ImM 
MgCl2, 0.003% HSA, pH73) in l.Sml polypropylene. TThe release reactions were carried 

25 out at 37**C for 30 minutes. After this incubation, the samples were centrifuged at 1500 
RPM for 3 minutes and the supematants removed* For the total histamine release, 0.1ml 
of blood was added to 0.9ml of PACM buffer, vortexed, and then boiled for 3 minutes. 
The samples were spun at 13000 RPM and the supernatant removed for analysis. 
Duplicate samples were used to measure total release. All of the supematants are diluted 

30 1 :4 in acylation buffer and the remainder of the assay is p^ormed according to the 
manufacturer's instructions. The results of this assay, shown in Figure 12, demonstrate 
strong histamine release over a wide concentration range for both the extmct and the 
recombinant protein. 
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C) Reactivity to LoZ p V peptides 

DirectEIJSA was perfora^d to assess the IgE reactivity to Z^/pV^ In 
this assay EUS A plates were coated with the set of synthetic Lol p V peptides (as shown 
in Hg. 2) and tLoI p V protein. Homan IgE binding of PHP-B was incubated on the wells 
and the resulting binding analyzed As evidenced in Fig. 13a and Fig. 13b there is no 
significant binding detected to any of the Lot p V peptides in this preliminary assay 
although there is very high IgE binding to L^//> V protein. 

D) Lol p I and Lol p V constitute the major allergens of ryegrass pollen 

A separate competition ELISA was done to show that Lol p 1 and Lolp V together 
constitute the major IgE biniding proteins of ryegrass pollen SPE. In this assay (Fig 14), 
PHP-B was used to examine the ability of a mixture of native purified Lol p 1 and Lol p V 
or a mixture of rLol p I and tLoI p V to compete for IgE binding to ryegrass pollen SPE. 
The mixture of purified native proteins competes to background level the Ig)B binding to 
ryegrass pollen SPE. The mixture of tLoI p I and tLoip V is also able to substantially 
reduce the amount of IgE available to bind to the SPE coating the plate. The majority of 
human ly directed against all of the ryegrass pollen proteins was bound up by the mix of 
just two proteins (Lol p I and Lol p V) found in the complex mix of ryegrass pollen SPE 
proteins. This data implies that these two proteins are major allergens of ryegrass pollen. 

Example 4 

Expression of Lo/p V 

Expression of Lol p V was performed as follows. The Xgtll clone 12R was 
digested with EcoRI. The insert encoding LaZ p V was ligated into pGEX. ApGEX 
vector containmg Lol p V (clone 12R) was digested with EcoRl . The Lol p V insert 
(containing the nucleotide sequence shown in Fig. 1) was isolated by electrophoresis of 
this digest tlurough a 1% SeaPlaque low melt agarose gel. The insert was then ligated into 
EcoRl digested expression vector pET-1 Id (Novagen, Madison, WI; Jameel et al. (1990) 
/. ViroL 64:3963-3966) modified to contain a sequence encoding 6 histidines (His 6) 
immediately 3* of the ATG initiation codon followed by a unique EcoR 1 endonuclease 
restriction site. A second EcoR I endonuclease restriction site in the vector, along with 
neighboring Cla 1 and Hind III endonuclease restriction sites, had previously been 
removed by digestion with EcoR I and Hind IE, blunting and religation. The histidine 
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(Hisg) sequence was added for affinity purification of the recombinant protein {tLoI p V) 
on a Ni2+ chelating column (Hochuli et al. (1987) 7. Chromatog. 411:177-184; Hochuli 
et al, (1988) Bio/Tech. 6:1321-1325.)- A recombinant clone was used to transform 
. Escherichia coli strain BL21-DE3 which harbors a plasmid that has an isopropyl-B-D- 
5 thiogalactopyranoside (IPTG)-inducible promoter preceding the gene encoding T7 
^ polymerase. Induction with IPTG leads to high levels of T7 polynaerase expression, 
which is necessary for expression of the recombinant protein in pET-lld, which has a T7 
.. promoter. The pET-lld containing the Lol pY (clone 12R) was confirmed by dideoxy 
L sequencing (Sanger et al., (1977) Proc. Natl Acad ScL, (USA) 74:5460-5463) to be a Lol 
1^ ^r P V clone in the correct reading frame 

The pET-1 Id Lol p V clone was grown on a large scale for recombinant protein 
expression and purification. A 2 ml culture of bacteria containing the recombinant 
plasmid was grown for 8 hr, then streaked onto solid media (e.g. 6 petri plates (100 x 15 
: , mm) with 1.5% agarose in LB medium (Gibco-BRL, Gaithersburg, MD) containing 200 
15 pg/ml ampicillin), grown to confluence overnight, then scraped into 9 L of liquid media 
(Brain Heart Infiision media, Difco) containing ampicUlin (200 pg/ml). 
grown until the A600 was 1 .0, IPTG added (1 mM final concentration), and the culture 
grown for an additional 2 hours. 

Bacteria were recovered by centiifugation (7,930 x g, 10 ndn), and lysed in 90 ml 
20 of 6M Guanidine-HCl, 0. IM Na2HP04, pH 8.0 for 1 hour with vigorous shaking. 

Insoluble material was removed by centrifug^on (1 1,000 x g, 10 min, 4^ C). The pH of 
the lysate was adjusted to pH 8.0, and the lysate applied to an 80 ml Nickel NTA agarose 
, ,g polumn (Qiagen, Chatsworth, CA) that had been equilibrated with 6 M Guanidine HCl, 
100 mM Na2HP04, pH 8.0. The colunm was sequentially washed with 6 M Guanidine 
25 ,: Ha, 100 mM Na2HP04, 10 mM Tris-HQ, pH 8.0, then 8 M urea, 100 mM Na2HP04, 
pH 8.0, and finally 8 M urea, 100 mM sodium acetate, 10 mM Tris-HQ, pH 6.3. The 
colunm was washed with each buffer untU the flow through had an A280:S 0 05. 

The recombinant protein, tLoI p V, was eluted with 8 M urea, 100 mM sodium 
acetate, 10 mM Tris-HQ, pH 4.5, and collected in 10 ml aliquots. The protein 
30 concentration of each fraction was determined by absorbance at A280 and the peak 

fractions pooled. An aliquot of the collected recombinant protein was analyzed on SDS- 
PAGE (data not shown) according to the method in Sambrook et al., supra. 

The first 9 liter preparation yi Ided 12 mg of rLol p V with approximately 60-70% 
35 purity. Purity of the preparation was determined by densitometry (Shimadzu Flying Spot 



wo 95/06728 



PCrAJS94/09024 



-47- 

Scanner, Shimadza Scientific Instruments, Inc., Braintree, MA) of the coomassie-blue 
stained SDS-PAGE gcL 

Exaniple 5* Cloning and Expression of Doc ^ y 

5 . - 

i>ac/y/i5 gtomem/a poUen was purchased 
RNA was isolated as previously described in PCT/US92/05661 (WO93/01213) and 
polyA+ RNA was isolated using MICRO-FAST TRACK® mRNA isolation kit from 
Invitrpgen (San Diego^CA). Double stranded cDNA was made with the BRL cDNA 

10 SYNTHESIS PLUS® kit (Gaithersburg^MD). A cDNA library was made in XgtlO using 
the cDNA CLONING SYSTEM-IGTIO® (Amersham, Arlmgton Heists, DL). The D. 
gtom^ra/^ double stranded cDNA was Ugated with adaptor arms, containing £co RI, 
HI, Kpn I and Nco I restriction sites and ligated into XgtlO vector arms using the 
manufacturer's suggested protocols. The library was packaged and titred also using the 

15 manufacturer's suggested protocols. The library was plated out and over 100,000 

independent phage plaques were screened using random primed (RANDOM PRIMED 
DNA LABELING KIT®, Boehminger Mannheim Corporation, Indianopolis, IN) or nick- 
translated probe [Sambrook J et al,. Molecular Cloning: A Laboratory Manual. Cold 
Spring Harbor: Cold Spring Harbor Laboratory, 1989]. The library was screened with the 

20 1.2 kbLo//i V clone 12RcDNA(SEQ ID NO:l) [Singh MB etal, Froc A^^^^ 
KSA, 1991; 88: 1384-1388]. 

There were many positive clones identified in the first screen. Several clones were 
picked using standard techniques [Sambrook J et al. Molecular Cloning: A Laboratory 
Manual. Cold Spring Harbon Cold Spring Harbor Laboratory, 1989] and dilutions of 

25 high-titred phage stocks were re-screened using the same Lo/ p V clone 12R probe. The 
phage stocks were prepared using standard techniques [Sambrook J et al. Molecular 
Cloning: A Laboratory Manual. Cold Spring Harbor: Cold Spring Haibor Laboratory, 
1989]. Positive clones were again picked, high-titred stocks pr^ared as before and serial 
dilutions were prepared for tertiary screening with the Lol p V clone 12R probe. Six 

30 phage clones, 228, 235, 236, 259, 267, and 285, were positive after this tertiary screening 
and high titred stocks were prepared as described [Sambrook J et al. Molecular Qoning: A 
Laboratory Manual. Cold Spring HariK)n Cold Spring Harbor Laboratory, 1989]. The 
cDNA inserts were isolated from the selected phage using standard techniques [Sambrook 
J et al. Molecular Cloning: A Laboratory Manual. Cold Spring Harbor: Cold Spring 

35 Harbor Laboratory, 1989]. The insert from clone 228 was approximately 500 base pairs 
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(bp>. The insert from clone 235 was apprdximately 1,000 bp. The insert from clone 236 
was approximately 1200 bp. The insert from clone 259 was approximately 1,200 bp. The 
insert from clone 267 was approximately 1,000 bp. The insert from clone 285 was 
approximately 800 bp. The isolated inserts were cloned into appropriately digested 
5 pUC18 and/or pUC19 for subsequent analysis. The cDNA inserts were sequenced using 
the SEQUENASE® Idts (USB, Cleveland, OH) based on the standard dideoxy Cham 
termination method of Sanger et al [Sanger F et al. Proc Natl Acad Sci USA, 1977; 74: 
5460-5463]. 

Partial sequences for all of the clones were determined. All were found to contain 
10 Dac g V sequences by comparison with Lol p V clone 12R sequence (SEQ ID NO:l) [Ong 
EK et al. Gene, 1993; 134: 235-240]. The partial translated sequences of clones 235 and 
236 were very similar to each other, although they started at different sites in the sequence 
(not shown), and appear to represent one isoform of Dac g V. The partial translated 
sequence of clone 259 was different from that of clones 235 and 236 and appear to 
15 represent a second isoform of Dac g V. The partial translated sequence of clone 259 is 
most homologous to the sequence of LoZp V clone 12R (SEQ ID NO:2) [Qng EK et al. 
Gene 1993; 134: 235-240], The partial translated sequences of clones 235 and 236 are 
most closely homologous to the sequence of Lol p V clone 19R [Qng EK et al. Gene 1993; 
134:235-240]. 

20 Clone 259 was sequenced in its entirety. It was sequenced from both ends using 

standard forward and reverse primers (New England Biolabs, Beverly, MA). 
Subconstructs were prepared by digestion of isolated insert with Eco RI and Pst I and the 
Afi^gments were cloned into appropriately digested pUG18 for internal sequencing. The 
Eco 'KUPst l insert that corresponded to the 5' portion of the Dac g V gene was isolated 
- 25 and further digested with Stu I or Sau 3 A and I and ligated into appropriately digested 
pUC19 for further sequence analysis. The nucleotide (SEQ ID NO:57) and deduced 
amino acid (SEQ ID NO:58) sequence of clone 259 is shown in Figure 16. Nucleotides 1- 
25 correspond to adaptor sequence. The sequence ends with the poly A tract; the adaptor 
sequence is not shown at the 3' end of the sequence. The nucleotide sequence from 700 to 

30 1 181 is only preliminary and some bases may be misidentified. For example, nucleotide 
712 has been tentatively identified as a "C". However, this is the third position of the 
codon encoding Glyl96 and the presence of another nucleotide at residue 712 would not 
change the predicted amino acid. It is difficult to sequence the Group V grass allergens 
due to their high <X^ content 

35 Clone 236 and 259 hav been deposited with the ATCC. 
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As Group V allergens tend to have very conserved regions^ the major T cell 
epitope containing peptides of Lol p V as described herein, are likely to be the major T cell 
epitopes of Doc g V» particularly where the regions are highly conserved between the 
related grasses. 
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SEQUENCE LISTING 



(1) GENERAL INFORMATION: 

(i) APPLICANT: Griffith, Irwin J. 

Kuo, Mei -Chang 
Luqioan, Mohaznmad 

(ii) TITLE OP INVENTION: T CELL EPITOPES OF RYEGRASS POLLEN 

ALLERGEN 

(iii) NUMBiai OF SEQUENCES: 58 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: IMMULOGIC PHARMACEUTICAL CORPORATION 

(B) STREET: 610 Lincoln Street 

(C) CITY: waltham 

(D) STATE: Massachusetts 

(E) COUNTRY: USA 

(F) ZIP: 02154 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

(B) COMPUTER: IBM PC compatible 

(C) OPERATING SYSTEM: PC-DOS/MS-DOS 

(D) SOFTWARE: ASCII Text 

(vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: US 08/106,016 

(B) FILING DATO: 13-AUG-1993 

(C) CLASSIFICATION: 

(viii) ATTORNEY/AGENT INFORMATION: 

(A) NAME: Darlene A. Vans tone 

(B) REGISTRATION NUMBER: 35,729 

(C) REFERENCE/ DOCKET NUMBER: 075.1 PCT 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (617) 466-6000 

(B) TELEFAX: (617) 466-6040 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1229 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 



(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 40.. 942 



(ix) 



FEATURE: 

(A) NAME/KEY: inat_j)eptide 

(B) LOCATION: 115.. 940 
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1: 

CGCTATCCCT CCCTCGTACA AACAAACGCA AGAGCAGCA ATG GCC GTC CAG AAG 
54 

5 Met Ala Val Gin Lys 

-25 

TAC ACG GTG GCT CTA TTC CTC GCC GTG GCC CTC GTG GCG GGC CCG GCC 
102 

10 Tyr Thr Val Ala Leu Phe Leu Ala Val Ala Leu Val Ala Gly Pro Ala 
-20 -15 -10 -5 

GCC TCC TAC GCC GCT 6AC GCC GGC TAC ACC CCC GCA GCC GCG GCC ACC 
150 

15 Ala Ser Tyr Ala Ala Asp Ala Gly Tyr Thr Pro Ala Ala Ala Ala Thr 

1 5 10 

CCG GCT ACT CCT GCT GCC ACC CCG GCT GCG GCT GGA GGG AAG GCG ACG 
198 

20 Pro Ala Thr Pro Ala Ala Thr Pro Ala Ala Ala Gly Gly Lys Ala Thr 
15 20 25 

ACC GAC GAG CAG AAG CTG CTG GAG GAC GTC AAC GCT GGC TTC AAG GCA 
246 

25 Thr Asp Glu Gin Lys Leu Leu Glu Asp Val Asn Ala Gly Phe Lys Ala 
30 35 40 

GCC GTG GCC GCC GCT GCC AAC GCC CCT CCG GCG GAC AAG TTC AAG ATC 
294 

30 Ala Val Ala Ala Ala Ala Asn Ala Pro Pro Ala Asp Lys Phe Lys He 
45 50 55 60 

TTC GAG GCC GCC TTC TCC GAG TCC TCC AAG GGC CTC CTC GCC ACC TCC 
342 

35 Phe Glu Ala Ala Phe Ser Glu Ser Ser Lys Gly Leu Leu Ala Thr Ser 

65 70 75 

GCC GCC AAG GCA CCC GGC CTC ATC CCC AAG CTC GAC ACC GCC TAC GAC 
390 

40 Ala Ala Lys Ala Pro Gly Leu He Pro Lys Leu Asp Thr Ala Tyr Asp 

80 85 90 

GTC GCC TAC AAG GCC GCC GAG GGC GCC ACC CCC GAG GCC AAG TAC GAC 
438 

45 Val Ala Tyr Lys Ala Ala Glu Gly Ala Thr Pro Glu Ala Lys Tyr Asp 
95 100 105 

GCC TTC GTC ACT GCC CTC ACC GAA GCG CTC CGC GTC ATC GCC GGC GCC 
486 

50 Ala Phe Val Thr Ala Leu Thr Glu Ala Leu Arg Val He Ala Gly Ala 
110 115 120 

CTC GAG GTC CAC GCC GTC AAG CCC GCC ACC GAG GAG GTC CCT GCT GCT 
534 

55 Leu Glu Val His Ala Val Lys Pro Ala Thr Glu Glu Val Pro Ala Ala 
125 130 135 140 

AAG ATC CCC ACC GGT GAG CTG CAG ATC GTT GAC AAG ATC GAT GCT GCC 
582 

60 Lys He Pro Thr Gly Glu Leu Gin He Val Asp Lys He Asp Ala Ala 

145 150 155 
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TTC 


AA6 


ATC 


GCA 


GCC 


ACC 


GCC 


GCC 


AAC 


GCC 


GCC 


CCC 


ACC 


AAC 


GAT 


AAG 




630 


































Phe 


Lys 


He 


Ala 


Ala 


Thr 


Ala 


Ala 


Asn 


Ala 


Ala 


Pro 


Thr Asn Asp 


Lys 


5 








160 










165 










170 








TTC 


ACC 


GTC 


TTC 


GAG 


AGT 


GCC 


TTC 


AAC 


AAG 


GCC 


CTC 


AAT 


GAG 


T6C 


ACG 




678 


































Phe 


Thr 


Val 


Phe 


Glu 


Ser 


Ala 


Phe 


Asn 


Lys 


Ala 


Leu 


Asn 


Glu 


Cys 


Thr 


10 






175 










180 










185 








GGC 


GGC 


GCC 


TAT 


GAG 


ACC 


TAC 


AAG 


TTC 


ATC 


CCC 


TCC 


CTC 


GAG 


GCC 


GCG 




726 


































Gly 


Gly 


Ala 


Tyr Glu Thr Tyr Lys 


Phe 


He 


Pro 


Ser 


Leu 


Glu 


Ala 


Ala 


15 




190 










195 










200 












; GTC 


AAG 


CAG 


GCC 


TAG 


GCC 


GCC 


ACC 


GTC 


GCC 


GCC 


GCG 


CCC 


GAG 


GTC 


AAG 



. ■ ■ : 774 

Val Lys Gin Ala Tyr Ala Ala Thr Val Ala Ala Ala Pro Glu Val Lys 
20 205 210 215 220 

TAC GCC GTC TTT GAG GCC GCG CTG ACC AAG GCC ATC ACC GCC ATG ACC 
822 

Tyr Ala Val Phe Glu Ala Ala Leu Thr Lys Ala He Thr Ala Met Thr 
25 225 230 235 

CAG GCA CAG AAG GCC GGC AAA CCC GCT GCC GCC GCT GCC ACA GGC GCC 
870 

Gin Ala Gin Lys Ala Gly Lys Pro Ala Ala Ala Ala Ala Thr Gly Ala 
30 240 245 250 



260 265 



275 

' ATGTATGTGC ATGATCCGGG CGGCGAGTGG TTTTGTTGAT AATTAATCTT CGTTTTCGTT 
1032 

45 TCATGCAGCC GCGATCGAGA GGGCTTGCAT GCTTGTAATA ATTCAATATT TTTGATTTCT 
1092 

TTTTGAATCT GTAAATCCCC ATGACAAGTA GTGGGATCAA GTCGGCATGT ATCACCGTTG 
1152 

ATGCGAGTTT AACGATGGGG AGTTTATCAA AGAATTTATT ATTAAAAAAA AAAAAAAAAA 
1212 





GCA 


ACC 


GTT 




918 








Ala 


Thr 


Val 


35 






255 




GCC 


GCT 


GCT 




972 








Ala 


Ala 


Ala 


40 




270 





50 



AAAAAAAAAA AAAAAAA 
55 1229 



(2) INFORMATION FOR SEQ ID NO:2: 

60 (i) SEQUENCE CHARACTERXSTICS : 

(A) LENGTH: 301 axnino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 
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(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Ala Val Gin Lys Tyr Thr Val Ala Leu Phe Leu Ala Val Ala Leu 
-25 -20 -15 -10 

Val Ala Gly Pro Ala Ala Ser Tyr Ala Ala Asp Ala Gly Tyr Thr Pro 
-5 1,5 

Ala Ala Ala Ala Thr Pro Ala Thr Pro Ala Ala Thr Pro Ala Ala Ala 
10 15 20 



Gly Gly Lys Ala Thr Thr Asp Glu Gin Lys Leu Leu Glu Asp Val Asn 
15 25 30 35 

Ala Gly Phe Lys Ala Ala Val Ala Ala Ala Ala Asn Ala Pro Pro Ala 
40 45 50 55 

20 Asp Lys Phe Lys lie Phe Glu Ala Ala Phe Ser Glu Ser Ser Lys Gly 

60 65 70 



Leu Leu Ala Thr Ser Ala Ala Lys Ala Pro Gly Leu lie Pro Lys Leu 
75 80 85 

Asp Thr Ala Tyr Asp Val Ala Tyr Lys Ala Ala Glu Gly Ala Thr Pro 
90 95 100 



Glu Ala Lys Tyr Asp Ala Phe Val Thr Ala Leu Thr Glu Ala Leu Arg 
30 105 110 115 

Val He Ala Gly Ala Leu Glu Val His Ala Val Lys Pro Ala Thr Glu 
120 125 130 135 

35 Glu Val Pro Ala Ala Lys He Pro Thr Gly Glu Leu Gin lie Val Asp 

140 145 150 



Lys He Asp Ala Ala Phe Lys He Ala Ala Thr Ala Ala Asn Ala Ala 
155 160 165 

Pro Thr Asn Asp Lys Phe Thr Val Phe Glu Ser Ala Phe Asn Lys Ala 
170 175 180 



Leu Asn Glu Cys Thr Gly Gly Ala Tyr Glu Thr Tyr Lys Phe He Pro 
45 185 190 195 

Ser Leu Glu Ala Ala Val Lys Gin Ala Tyr Ala Ala Thr Val Ala Ala 
200 205 210 215 

50 Ala Pro Glu Val Lys Tyr Ala Val Phe Glu Ala Ala Leu Thr Lys Ala 

220 225 230 

He Thr Ala Met Thr Gin Ala Gin Lys Ala Gly Lys Pro Ala Ala Ala 
235 240 245 

55 

Ala Ala Thr Gly Ala Ala Thr Val Ala Thr Gly Ala Ala Thr Ala Ala 
250 255 260 

Ala Gly Ala Ala Thr Ala Ala Ala Gly Gly Tyr Lys Ala 
60 265 270 275 
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15 



30 



(2) INFORMATION FOR SEQ ID NO:3: 



(i) SEQUENCE CHAKACTERISTICS : 

(A) LENGTH: 20 amino acids 
5 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

10 (v) FRAGMENT TYPE: internal 



{xi) SEQUENCE DESCRIPTION: SEQ ID NO: 3: 

Ala Asp Ala Gly Tyr Thr Pro Ala Ala Ala Ala Thr Pro Ala Thr Pro 
1 5 10 15 \ 



Ala Ala Thr Pro 
20 20 

(2) INFORMATION FOR SEQ ID N0:4: 

(i) SEQUENCE CHARACTERISTICS: 
25 (A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D> TOPOLOGY: linear 



(ii) MOI-ECULE TYPE: peptide 
(v) FRAGMENT TYPE: internal 



35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 4: 

Ala Thr Pro Ala Thr Pro Ala Ala Thr Pro Ala Ala Ala Gly Gly Lys 
1 5 10 15 

40 Ala Thr Thr Asp 

20 

(2) INFORMATION FOR SEQ ID NO:5: 

45 , ,,, (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 0 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

50 (ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



55 



10 



15 



20 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Aia Ala Ala Gly Gly Lys Ala Thr Thr Asp Glu Gin Lys I*eu Leu Glu 
1 5 10 15 

Asp Val Asix Ala 
20 

(2) INFORMATION FOR SEQ ID NO: 6: 

( i ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAOIENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ lb NO: 6: 



Glu Gin Lys Leu Leu Glu Asp Val Asn Ala Gly Phe Lys Ala Ala Val 
25 1 5 10 15 

Ala Ala Ala Ala 
20 

30 (2) INFORMATION FOR SEQ ID NO:7: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
35 (D) TOPOLOGY: linear 

(ii) MOIiECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

40 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7: 

45 Gly Phe Lys Ala Ala Val Ala Ala Ala Ala Asn Ala Pro Pro Ala Astp 

1 5 10 15 



50 



Lys Phe Lys lie 
20 

(2) INFORMATION FOR SEQ ID NO:8: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 
55 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

60 (v) FRAC5MENT TYPE: internal 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 8 : 

Asn Ala Pro Pro Ala Asp Lys Phe Lys He Phe Glu Ala Ala Phe Ser 
1 5 10 15 

Glu Ser Ser Lys 

- 20 - 

(2) INFORMATION FOR SEQ ID NO:9: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 aiaino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 9: 



Phe Glu Ala Ala Phe Ser Glu Ser Ser Lys Gly Leu Leu Ala Thr Ser 
25 _ 1 5 10 15 

Ala Ala Lys Ala 
20 

30 (2) INFORMATION FOR SEQ ID NO:10: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 ainino acids 

(B) TYPE: amino acid 
35 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

40 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 10: 

45 Gly Leu Leu Ala Thr Ser Ala Ala Lys Ala Pro Gly Leu lie Pro Lys 

15 10 15 



50 



Leu Asp Thr Ala 
20 
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10 



35 



40 



45 



50 



55 



(2) INFORMATION FOR SEQ ID NO: 11: 



( i ) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: internal 



15 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 11: - 

Pro Gly Leu lie Pro Lys Leu Asp Thr Ala Tyr Asp Val Ala Tyr Lys 
1 5 10 15 

20 Ala Ala Olu Gly 

20 

(2) INFORMATION FOR SEQ ID NO: 12: 

25 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

30 (ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12: 

Tyr Asp Val Ala Tyr Lys Ala Ala Glu Gly Ala Thr Pro Glu Ala Lys 
15 10 . 15 

Tyr Asp Ala Piie 
20 

(2) INFORMATION FOR SEQ ID NO:13: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 
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(xi) SEQUENCE DESCRIPTION: SEQIDNO:13: 

Ala Thr Pro Glu Ala Lys Tyr Asp Ala Phe Val Thr Ala Leu Thr Glu 
1 5 10 15 

Ala Leu Arg Val 
20 

(2) INFOPMATION FOR SEQ ID NO:14: 

(i) SEQUENCE CHARACTERISTICS: . : 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v> FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14: 

Val Thr Ala Leu Thr Glu Ala Leu Arg Val lie Ala Gly Ala Leu Glu 
1 5 10 15 

Val His Ala Val 
20 

(2) INFORMATION FOR SEQ ID NO:15: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15: 

He Ala Gly Ala Leu Glu Val His Ala Val Lys Pro Ala Thr Glu Glu 
"1 5 10 15 

Val Pro Ala Ala 
20 

(2) INFORMATION FOR SEQ ID NO: 16: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LEiNGTH: 20 eimino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 16: 

Lys Pro Ala Thr Glu Glu Val Pro Ala Ala Lys He Pro Thr Gly Glu 
1 5 10 15 

liGU Gin lie Val 
20 

(2) INFORMATION FOR SEQ ID NO:17: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 
<B) TYPE: amino acid 
(D) TOPOIiOGY: linear 

(ii) MOIiECUIiE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 17: 



Lys lie Pro Thr Gly Glu Leu Gin lie Val Asp Lys lie Asp Ala Ala 
25 1 5 10 15 

Phe Lys lie Ala 
20 

30 (2) INFORMATION FOR SEQ ID NOilS: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
35 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

40 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 18: 

45 Asp Lys lie Asp Ala Ala Phe Lys He Ala Ala Thr Ala Ala Asn Ala 

15 10 15 



Ala Pro Thr Asn 
20 

(2) INFORMATION FOR SEQ ID NO: 19; 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 axoino acids 
55 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

60 (v) FRAGMENT TYPE: internal 
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(xi) SEQUENCE DESCRIPTION: SEQ IDNO:19: 

Ala Thr Ala Ala Asn Ala Ala Pro Thr Asn Asp Lys Phe Thr Val Phe 
15 10 15 

Glu Ser Ala Phe 
20 

(2) INFORMATION FOR SEQ ID NO:20: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 azaino acids 

(B) TYPE: amino acid 
(D) TOPOtOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 20: 

Asp Lys Phe Thr Val Phe Glu Ser Ala Phe Asn Lys Ala Leu Asn Glu 
25.- 15 10 15 

Cys Thr Gly Gly 
20 

30 (2) INFORMATION FOR SEQ ID NO:21: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
35 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

40 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21: 

45 Asn Lys Ala Leu Asn Glu Cys Thr Gly Gly Ala Tyr Glu Thr Tyr Lys 

1 5 10 15 



50 



Phe lie Pro Ser 
20 



55 (2) INFORMATION FOR SEQ ID NO: 22: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
60 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 22: 

5 

Ala Tyr Glu Thr Tyr Lys Phe lie Pro Ser Leu Glu Ala Ala Val Lys 
15 10 15 

Gin Ala Tyr Ala 
10 20 

(2) INFORMATION FOR. SEQ ID NO: 23: . 

(i) SEQUENCE CHARACTERISTICS: 
15 (A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



20 



45 



50 



55 



60 



(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: internal 



25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 23: 

Leu Glu Ala Ala Val Lys Gin Ala Tyr Ala Ala Thr Val Ala Ala Ala 
1 5 10 15 

30 Pro Glu Val Lys 

20 

(2) INFORMATION FOR SEQ ID NO:24: 

35 (i) SEQtJENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

40 (ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 24: 

Ala Thr Val Ala Ala Ala Pro Glu Val Lys Tyr Ala Val Phe Glu Ala 
15 10 . 15 

Ala Leu Thr Lys 
20 

(2) INFORMATION FOR SEQ ID NO:25: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 
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(xi) SEQUENCE DESCRIPTION: SEQ 10 NO: 25: 

Tyr Ala Val Phe Glu Ala Ala Leu Thr Lys Ala lie Thr Ala Met Thr 
1 5 10 15 

Gin Ala Gin Lys 
20 

(2) INFORMATION FOR SEQ ID NO:26: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 
15 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

20 (v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 26: 

Ala lie Thr Ala Met Thr Gin Ala Gin Lys Ala Gly Lys Pro Ala Ala 
1-5 10 15 



Ala Ala Ala Thr 
30 2 0 

(2) INFORMATION FOR SEQ ID NO: 27: 

(i) SEQUENCE CHARACTERISTICS: 
35 (A) LENGTH: 20 amino acids 

(B) TYPE: ainino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: internal 



45 V",; (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27: 

Ala Gly Lys Pro Ala Ala Ala Ala Ala Thr Gly Ala Ala Thr Val Ala 
1 5 10. 15 

50 Thr Gly Ala Ala 

20 

(2) INFORMATION FOR SEQ ID NO: 28: 

55 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

60 (ii) MOLECULE TYPE: p ptide 

(v) FRAGMENT TYPE: internal 
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(xi) SEQtJENCE DESCRIPTION: SEQ ID NO: 28: 

Gly Ala Ala Thr Val Ala 'Thr Gly Ala Ala Thr Ala Ala Ala Gly Ala 
5 1 5 10 15 

Ala Thr Ala Ala 
20 

10 (2) INFORMATION FOR SEQ ID NO:29: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 16 cmiino acids 

(B) TTBBi amino acid 
15 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRACaiENT TYPE: internal 

20 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 29: 

25 Thr Ala Ala Ala Gly Ala Ala Thr Ala Ala Ala Gly Gly Tyr Lys Ala 

1 5 10 15 



30 



35 



40 



(2) INFORMATION FOR SEQ ID NO:30: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 30; 



lie Ala Lys Val Pro Pro Gly Pro Asn lie Thr Ala Glu Tyr Gly Asp 
45 1 5 10 15 

Lys Trp Leu Asp 
20 

50 (2) INFORMATION FOR SEQ ID NO: 31: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
55 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

60 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31: 

lie Ala Lys Val Xaa Pro Gly Xaa Asn lie Thr Ala Glu Tyr Gly Asp 
1 5 10 15 

Lys Trp Iteu Asp 
20 

(2) INFORMATION FOR SEQ ID NO: 32: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 axoino acids 

(B) TYPE: cunino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 32: 



Thr Ala Glu Tyr Gly Asp Lys Trp Leu Asp Ala Lys Ser Thr Trp Tyr 
25 1 5 10 15 

Gly Lys Pro Thr 
20 

30 (2) INFORMATION FOR SEQ ID NO: 33: 

(i) SEQUENCE CHARACTERISTICS : 

(A) LENGTH: 20 amino acids 
(B> TYPE: amino acid 
35 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

40 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 33: 



45 Gly Ala Gly Pro Lys Asp Asn Gly Gly Ala Cys Gly Tyr Lys Asn Val 

1 5 .10 15 



Asp Lys Ala Pro 
20 

(2) INFORMATION FOR SEQ ID NO: 34: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 
55 (B) TYPE: cuciino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

60 (v) FRAGMENT TYPE: internal 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 34: 

Gly Ala Gly Pro I#ys Asp Asn Gly Gly Ala Cys Gly Tyr Lys Asp Val 
1 5 10 15 

Asp Lys Ala Pro 
20 

(2) INFORMATION FOR SEQ ID NO:35: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 aiaino acids< 

(B) TYPE: amino acid 
(D) TOPOLOGY: lineeur 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



< xi ) SEQUENCE DESCRIPTION : SEQ ID NO : 3 5 ; 



Cys Gly Tyr Lys Asp Val Asp Lys Ala Pro Phe Asn Gly Met Thr Gly 
25 1 5 10 15 

Cys Gly Asn Thr 
20 

30 (2) INFORMATION FOR SEQ ID NO:36: 

(i) SEQUENCE CHARACTERISTICS: 

tA) LENGTH: 20 amino acids 
(B) TYPE: conino acid 
35 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

40 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:36: 

45 Phe Asn Gly Met Thr Gly Cys Gly Asn Thr Pro lie Phe Lys Asp Gly 

1 5 10 15 



Arg Gly Cys Gly 
20 

(2) INFORMATION FOR SEQ ID NO: 37: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 
55 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

60 (v) FRAGMENT TYPE: internal 
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(xi) SEQUENCE DESCRIPTION: SEQ II>NO:37: 

Pro lie Phe Lys Asp Gly Arg Gly Cys Gly Ser Cys Phe Glu lie Lys 
1 5 10 15 

Cys Thr Lys Pro 
20 

(2) INFORMATION FOR SEQ ID NO:38: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH.: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 38; 



Ser Cys Phe Glu lie Lys Cys Thr Lys Pro Glu Ser Cys Ser Gly Glu 
25 1 5 10 15 

Ala val Thr Val 

20 - 

30 (2) INFORMATION FOR SEQ ID NO:39: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
35 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

40 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 39: 

45 g.^^ Glu Ser Cys Ser Gly Glu Ala Val Thr Val Thr lie Thr Asp Asp Asn 
.1 5 10 15 

Glu Glu Pro He 
20 



(2) INFORMATION FOR SEQ ID NO: 40: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 
55 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLEC:ULE TYPE: peptide 

60 (v) FRAGMENT TYPE: internal 



wo 95/06728 



PCTAJS94/09024 



10 



15 



20 



50 



•67- 

(xi) SEQXXENCE DESCRIPTION: SEQID NO:40: 

Thr lie Thr Asp Asp Asn Glu Glu Pro lie Ala Pro Tyr His Phe Asp 
1 5 10 15 

Leu Ser Gly His 
20 

(2) INFORMATION FOR SEQ ID NO:41: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 41: 



Ala Pro Tyr His Phe Asp Leu Ser Gly His Ala Phe Gly Ser Met Ala 
25 1 5 10 15 

Asp Asp Gly Glu 
20 

30 (2) INFORMATION FOR SEQ ID NO:42: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
35 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(V) FRAGMENT TYPE: internal 

40 

(xi ) SEQUENCE DESCRIPTION : SEQ ID NO : 42 : 

45 Ala Phe Gly Ser Met Ala Asp Asp Gly Glu Glu Gin Lys Leu Arg Ser 

1 5 10 15 



Ala Gly Glu Leu 
20 

(2) INFORMATION FOR SEQ ID NO: 43; 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 eunino acids 
55 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

60 (v) FRAGMENT TYPE: internal 
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(xi) SEQUENCE DESCRIPTION : SEQ ID NO: 43: 

Glu Gin Lys Leu Arg Ser Ala Gly Glu Leu Glu Leu Gin Phe Arg Arg 
1 5 10 15 

Val Lys Cys Lys 
20 

(2) INFORMATION FOR SEQ ID NOr44: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 44; 



Glu Leu Gin Phe Arg Arg Val Lys cys Lys Tyr Pro Asp Asp Thr Lys 
25 1 5 10 15 

Pro Thr Phe His 
20 

30 (2) INFORMATION FOR SEQ ID NO:45: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
35 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

40 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 45: 

45 Tyr Pro Asp Asp Thr Lys Pro Thr Phe His Val Glu Lys Ala Ser Asn 

1 5 10 15 



Pro Asn Tyr Leu 
20 

(2) INFORMATION FOR SEQ ID NO:46: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 
55 (B) TYPE: Euiiino acid 

(D) TOPOLCX3Y: linear 

(ii) MOLECULE TYPE: peptide 
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10 



15 



20 



25 



(v) FRACMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 46: 

Val Glu Lys Ala Ser Asn Pro Asn Tyr Leu Ala lie Leu Val Lys Tyr 
1 5 10 15 

Val Asp Gly Asp 
20 

(2) INFORMATION FOR SEQ ID NO:47: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: aiaino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 47: 



Val Glu Lys Gly Ser Asn Pro Asn Tyr Leu Ala lie Leu Val Lys Tyr 
30 1 5 10 15 

Val Asp Gly Asp 
20 

35 (2) INFORMATION FOR SEQ ID NO:48: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LS^GTH: 20 amino acids 

(B) TYPE: amino acid 
40 (D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

45 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 48: 

50 Ala lie Leu Val Lys Tyr Val Asp Gly Asp Gly Asp Val Val Ala Val 

1 5 10 15 



55 



Asp lie Lys Glu 
20 
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(2) INFORMATION FOR SEQ ID NO: 49: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 aiciino acids 
5 (B) TYPE: amino acid 

(D) TOPOIiOGY: linear 

(ii) MOIiECUIiE TYPE: peptide 

10* (v) FRAGMENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 49: 

Gly Asp Val Val Ala Val Asp lie Lys Glu Lys Gly Lys Asp Lys Trp 
1 5 10 15 



lie Glu Leu Lys 
20 20 

(2) INFORMATION FOR SEQ ID NO: 50: 

(i) SEQUENCE CHARACTERISTICS: 
25 (A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: internal 



35 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 50: 

Lys Gly Lys Asp Lys Trp lie Glu Leu Lys Glu Ser Trp Gly Ala Val 
1 5 10 15 

40 Trp Arg lie Asp 

20 

- (2) INFORMATION FOR SEQ ID NO:51: 

45 :h (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

50 (ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 



55 
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 51: 

rrhr Pro Asp Lys Leu Hir Gly Pro Phe Thr Val Arg Tyr Tlir Thr Glu 
1 5 10 15 

Gly Gly Thr Lys 
20 

(2) INFORMATION FOR SEQ ID NO: 52: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 aioino acids 

(B) TYPE: auaino acid 
(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

(v) FRAOIENT TYPE: internal 



(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 52: 



Val Arg Tyxr Thr Thr Glu Gly Gly Thr Lys Ser Glu Val Glu Asp Val 
25 1 5 10 15 

lie Pro Glu Gly 
20 

30 (2) INFORMATION FOR SEQ ID NO: 53: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
35 (D) TOPOLOGY: linear 

(ii) MOLECt;LE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

40 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 53 : 

45 Ser Glu Val Glu Asp Val lie Pro Glu Gly Trp Lys Ala Asp Thr Ser 

1 5 10 15 



Tyr Ser Ala Lys 
20 

(2) INFORMATION FOR SEQ ID NO: 54: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 33 amino acids 
55 (B) TYPE: amino acid 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: peptide 

60 (v) FRAGMENT TYPE: N- terminal 
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(xi) SEQUENCE DESCRIPTION: SEQID NO:54: 

Ala Asp Ala Gly Tyr Thr Hyp Ala Ala Ala Ala Thr Hyp Ala Thr Hyp 
1 5 10 15 

Ala Ala Thr Hyp Ala Ala Ala Gly Gly Lys Ala Thr Thr Asp Glu Gin 
20 25 30 

Lys 

(2) INFORMATION FOR SEQ ID NO: 55: 



(i). SEQUENCE CHARACTERISTICS: 
15 (A) LENGTH: 20 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 



(ii) MOLECULE TYPE: peptide 
(v) FRAGMENT TYPE: internal 



25 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 55: 

Ala Lys Ser Thr Trp Tyr Gly Lys Pro Thr Gly Ala Gly Pro Lys Asp 
1 5 10 15 

30 Asn Gly Gly Ala 

20 

(2) INFORMATION FOR SEQ ID NO:56: 

35 (i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 2 0 amino acids 

(B) TYPE: amino acid 
(D) TOPOLOGY: linear 

40 (ii) MOLECULE TYPE: peptide 

(v) FRAGMENT TYPE: internal 

45 ' 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 56: 

Glu Ser Trp Gly Ala Val Trp Arg lie Asp Thr Pro Asp Lys Leu Thr 
15 10 15 

50 

Gly Pro Phe Thr 
20 

55 (2) INFORMATION FOR SEQ ID N0:57: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 1181 base pairs 

(B) TYPE: nucleic acid 
60 (C) STRANDEDNESS : single 

(D) TOPOLOGY: linear 



(ii) MOLECtJLE TYPE: cDNA 
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(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 53.. 124 

5 

(ix) FEATURE: 

(A) NAME/KEY: CDS 

(B) LOCATION: 125., 961 

10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 57: 

GAATTCGAGG ATCCGGGTAC CATGGCTCCG ACAAACCAAC GCAAGAGCAG CA ATG 
55 

Met 

15 

GCA GTG CAG CAG TAC ACG GTG GCG CTG TTC CTG GCC GTG GCC TCG TGT 
103 

Ala Val Gin Gin Tyr Thr Val Ala Leu Phe Leu Ala Val Ala Ser Cys 
20 -20 -15 -10 

CGG GCC CGC GCC TCC TAC GCC GCC GAC GCC GGC TAC GCC CCC GCC ACT 
151 

Arg Ala Arg Ala Ser Tyr Ala Ala Asp Ala Gly Tyr Ala Pro Ala Thr 
25 -5 1 5 

CCC GCC ACC CCG GCT ACC CCC GCG GCC CCA GGC GCA GCG GTG CCA GCA 
199 

Pro Ala Thr Pro Ala Thr Pro Ala Ala Pro Gly Ala Ala Val Pro Ala 

30 10 15 20 25 

GGG AAG GCG GCG ACC GAG GAG CAG AAG CTG ATC GAG AAG ATC AAC GCC 
247 

Gly Lys Ala Ala Thr Glu Glu Gin Lys Leu He Glu Lys He Asn Ala 
35 30 35 40 

GGC TTC AAG GCC, GCC GTG GCG GCC GCC GCG GGC GTC CCG CCA GGC GAC 
295 

Gly Phe Lys Ala Ala Val Ala Ala Ala Ala Gly Val Pro Pro Gly Asp 
40 4 5 50 55 

AAG TAC AAG ACG TTC GTC GAA ACC TTC . GGC . AAG GCC TCC AAC AAG GCC 
343 

Lys Tyr Lys Thr Phe Val Glu Thr Phe Gly Lys Ala Ser Asn Lys Ala 
45 60 65 70 

TTC CTG GGG GAC CTC CCG ACC AAC TAC . GCC GAT GTC AAC TCC AGG GCC 
391 

Phe Leu Gly Asp Leu Pro Thr Asn Tyr Ala Asp Val Asn Ser Arg Ala 
50 7 5 8 0 85 

CAG CTC ACC TCG AAG CTC GAC GCC GCC TAC AAG CTC GCC TAC GAC GCC 
439 

Gin Leu Thr Ser Lys Leu Asp Ala Ala Tyr Lys Leu Ala Tyr Asp Ala 
55 90 95 100 105 

GCC CAG GGC GCC ACC CCC GAG GCC AAG TAC GAC GCC TAC GTC GCC ACC 
487 

Ala Gin Gly Ala Thr Pro Glu Ala Lys Tyr Asp Ala Tyr Val Ala Thr 
60 110 115 120 
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. CTC AGC GAG GCG CTC CGC ATC ATC GCC GGC ACC CTC GAG GTC CAC GCC 
535 

I*eu Ser Glu Ala Leu Arg He He Ala Gly Thr Leu Glu Val His Aja 
125 130 135 

5 

; GTC AAG CCC GCT GCC GAG GAG GTC AAG OCT ATC CCC GCC GGA GAG CTG 
583 

. Val Lys Pro Ala Ala Glu Glu Val Lys Pro He Pro Ala Gly Glu Leu 
140 145 150 

10 

C AG ATC GTC GAC AAG ATT GAC GTC GCC TTC AGA ACT GCC GCC ACC GCC 
631 

Gin He Val Asp tys He Asp Val Ala Phe Arg Thr Ala Ala Thr Ala 
155 160 165 

15..-^... 

VGCC AAC GCC GCC CCC ACC AAC GAC AAG TTC ACC GTA TTC GAG ACC ACC 
679 

4 Ala Asn Ala Ala Pro Thr Asn Asp Lys Phe Thr Val Phe Glu Thr Thr 
"170 175 180 185 

20 

TTT AAC AAG GCC ATC AAG GAG AGC ACG GGC GGC ACC TAC GAG AGC TAC 
727 

Phe Asn Lys Ala He Lys Glu Ser Thr Gly Gly Thr Tyr Glu Ser Tyr 
190 195 200 

25 

AAG TTC ATT CCC ACC CTT GAG GCC GCC GTT AAG CAG GCC TAC GCC GCC 
775 

Lys Phe He Pro Thr Leu Glu Ala Ala Val Lys Qln Ala Tyr Ala Ala 
205 210 215 

30 

ACC GTC GCA TCC GCG CCG GAG GTC AAG TAC GCC GTC TTT GAG ACC GCG 
823 

Thr Val Ala Ser Ala Pro Glu Val Lys Tyr Ala Val Phe Glu Thr Ala 
220 225 230 

35 

CTG AAA AAG GCG GTC ACC GCC ATG TCC GAG GCC CAG AAG GAA GCC AAG 
871 

Leu Lys Lys Ala Val Thr Ala Met Ser Clu Ala Gin Lys Glu Ala Lys 
235 240 245 

40 

CCC GCC ACC GCC ACC CCG ACC CCC ACC GCA ACT GCC GCG GCC GCG GTG 

:pro Ala Thr Ala Thr Pro Thr Pro Thr Ala Thr Ala Ala Ala Ala Val 
250 255 260 265 

. 45......... . . ■ ■ 

iSCC ACC AAC GCC GCC CCC GTC GCT GCT GGT GGC TAC AAA ATC 
961 

Ala Thr Asn Ala Ala Pro Val Ala Ala Gly Gly Tyr Lys He 
270 275 

50 

TGATCAACTC GCTAGCAATA TACACATCCA TCATGCACAT ATAGAGCTGT GTATGTATGT 
1021 

GCATGCATGC CGTGGCGCCG CGCAAGTTTG CTCATAATTA ATTCTTGGTT TTCGTTGCTT 
55 1081 

GCATCCACGA GCGACCGAGC CCGTGGATAG TCGCATGTGT ATGTAATTTT TTCTGAGAAA 
1141 

60 TGTGTATATG TAATATATAA TTGAGTACTA AAAAAAAAAA 
1181 
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(2) INFORMATION FOR SEQ ID NO 58: 



(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 279 amino acids 
5 (B) TYPE: amino acid 

(D) TOPOIiOGY: . linear 

(ii) MOLECULE TYPE: protein 

10 (xi) SEQUENCE DESCRIPTION: SEQ ID NO: 5: 

Ala Asp Ala Gly Tyr Ala Pro Ala Thr Pro Ala Thr Pro Ala Thr Pro 
1 5 10 15 

15 Ala Ala Pro Gly Ala Ala Val Pro Ala Gly Lys Ala Ala Thr Glu Glu 
20 25 30 

Gin Lys Leu lie Glu Lys lie Asn Ala Gly Phe Lys Ala Ala Val Ala 
35 40 45 

Ala Ala Ala Gly Val Pro Pro Gly Asp Lys Tyr Lys Thr Phe Val Glu 
50 55 60 



20 



Thr Phe Gly Lys Ala Ser Asn Lys Ala Phe Leu Gly Asp Leu Pro Thr 
25 65 70 75 80 

Asn Tyr Ala Asp Val Asn Ser Arg Ala Gin Leu Thr Ser Lys Leu Asp 
85 90 95 

30 Ala Ala Tyr . Lys Leu Ala Tyr Asp Ala Ala Gin Gly Ala Thr Pro Glu 
100 105 110 



35 



Ala Lys Tyr Asp Ala Tyr Val Ala Thr Leu Ser Glu Ala Leu Arg lie 
115 120 125 

lie Ala Gly Thr Leu Glu Val His Ala Val Lys Pro Ala Ala Glu Glu 
130 135 140 



Val Lys Pro He Pro Ala Gly Glu Leu Gin He Val Asp Lys He Asp 
40 145 150 155 160 

Val Ala Phe Arg Thr Ala Ala Thr Ala Ala Asn Ala Ala Pro Thr Asn 
165 170 175 

45 Asp Lys Phe Thr Val Phe Glu Thr Thr Phe Asn Lys Ala lie Lys Glu 
180 185 190 



50 



Ser Thr Gly Gly Thr Tyr Glu Ser Tyr Lys Phe He Pro Thr Leu Glu 
195 200 205 

Ala Ala Val Lys Gin Ala Tyr Ala Ala Thr Val Ala Ser Ala Pro Glu 
210 215 220 



Val Lys Tyr Ala Val Phe Glu Thr Ala Leu Lys Lys Ala Val Thr Ala 
55 225 230 235 240 

Met Ser Glu Ala Gin Lys Glu Ala Lys Pro Ala Thr Ala Thr Pro Thr 
245 250 255 

60 Pro Thr Ala Thr Ala Ala Ala Ala Val Ala Thr Asn Ala Ala Pro Val 
260 265 270 

Ala Ala Gly Gly Tyr Lys He 
275 
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Claims 

What is claimed is: 

5 L An isolated peptide of Lol p V wherein said peptide comprises at least one T cell 
epitope of Lol p V, said peptide comprising an amino acid sequence selected fix)m the 
group consisting of amino add sequences as shown in Fig. 2 of peptides LPIX-1 (SEQ ID 
NO:3), LPK-l.l (SEQ ID NO:3), LPK-2 (SEQ ID NO:4), LPIX-2.1 (SEQ ID NO: 4). 
LPIX-3 (SEQ ID NO:5X LPIX-4 (SEQ ID NO:6) LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ 
? 10 ID NO:8), LPIX-7 (SEQ ID NO:9), LPIX-8 (SEQ ID NO:10), LPIX-Q (SEQ ID NO:l 1), 
LPK-IO (SEQ ID NO:12X LPK-l 1 (SEQ ID NO:13), LPIX-12 (SEQ ID NO:14), LPK- 
13 (SEQ ID NO:15), LPIX-14 (SEQ ID NO:15), LPIX-I5 (SEQ ID NO:17), LPIX-16 
(SEQ ID NO:18), LPIX-17 (SEQ ID NO:19). LPIX-18 (SEQ ID NO:20), LPIX-19 (SEQ 
ID NO:21), LPIX-20 (SEQ ID NO:22), LPIX-21 (SEQ ID NO:23), LPIX-22 (SEQ ID 
15 NO:24), LPIX-23 (SEQ ID NO:25), LPIX-24 (SEQ ID NO:26), LPIX-26 (SEQ ID 
NO:28), and LPIX-27 (SEQ ID NO:29). 

2. An isolated peptide of claim 1, said peptide comprising an amino add sequence 
selected firom the group consisting of the amino acid sequences as shown in Rg. 2 of 
20 peptides LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), 

LPIX-8 (SEQ ID NO:10), LPIX-9 (SEQ ID NOrl 1), LPDC-l I (SEQ ID NO:13), LPIX-12 
(SEQ ID NO:14), LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), LPIX-20 (SEQ 
ro>ra:22), LPIX-23 (SEQ roNO:25), and LPIX-26 (SEQ ID NO:28). 

.^, 25 3. A peptide comprising a portion of an isolated peptide of claim 1 which has a T cell 
stimulation index of at least 2.0. 

4. A peptide comprising a portion of an isolated peptide of claim 1 which has a T cell 
stimulation index approximately equivalent to or greater than the T ceU stimulation index 

30 of said isolated peptide from which it is derived. 

5. An isolated peptide of claim 1 which, when administered to an individual 
sensitive to Lol p V allergen, induces T cells to become nonresponsive or modifies 
the lymphokine secretion profile of T cells in the individual. 

35 
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6. An isolated peptide of claim 2 which binds immunoglobulin E to a 
substantially lesser extent than native Lol p V binds immunoglobulin E, 

7. An isolated nucleic acid sequence having a sequence encoding a peptide of 
5 claim 1. 

8. A functional equivalent of a nucleic acid sequrace encoding a peptide of 
claim L 

10 9* An isolated peptide which is immunologically cross^reactive with T cells 
reactive with a peptide of claim 2. 

10. An isolated peptide of Lol p V wherein said peptide has a T cell stimulation 
index of at least about 3.S. 

15 

1 1. An isolated peptide of claim 10 wherein said T cell stimulation index is at 
least about 

12. A peptide of claim 1 modified to improve solubility . 

20 

13. A peptide of claim 2 modified to improve solubility. 

14. A modified peptide of claim 1 3 which does not bind inununoglobulin E 
specific for Lol p Vin a substantial percentage of individuals sensitive to Lol p V, or 

25 if binding of the peptide to said immunoglobulin E occurs; such binding does not 

result in release of mediators firom mast cells or basophils in a substantial percentage 
of individuals sensitive to Lol pV. 

15. A modified peptide of claim 12 which modifies, in an individual sensitive to 
30 Lol p V to whom it is administ^ed, the allergic response of the individual to a Lol p 

V allergen. 



16. A monoclonal antibody specifically reactive with a jpeptide of claim 1. 
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17. An isolated peptide produced in a host cell txansfoimed with the nucleic acid 
of claim 7. 

^18. An isolated peptide produced in a host cell transformed with the nucleic acid 
5 ; of claim 8. 

v; 19. An expression vector comprising a nucleic add sequence coding for a peptide 
of claim 1. 

10 20. An expression vector comprising the functional equivalent of a nucleic acid . ' 
sequence coding for a peptide of claim 1. 

21. A composition comprising at least one isolated peptide of claim 1 and a 
pharmaceutically acceptable carrier or diluent 

22. A composition of claim 21 comprising a combination of peptides selected 
from the group of combinations consisting of: 

LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-16 (SEQ 
ID NO:18), LPIX-17 (SEQ ID NO:19). and LPIX-20 (SEQ ID NO:22); 
20 LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-12 (SEQ 
ID NO:14), LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19). and LPIX-20 (SEQ ID 
NO:22); 

LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-17 (SEQ 
ID NO:19), and LPIX-20 (SEQ ID NO:22); 
25 . LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), and LPIX-20 
(SEQIDNO:22); 

LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPK-ll (SEQ 
ID NO: 13), LPIX-12 (SEQ ID NO:14), LPIX-16 (SEQ ID n6:18), LPIX-17 (SEQ ID 
NO:19), and LPIX-20 (SEQ ID NO:22); 
30 LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8). LPIX-8 (SEQ 
ID NO: 10), LPIX-9 (SEQ ID NO: 1 1), LPIX-1 1 (SEQ ID NO: 13), LPIX-12 (SEQ ID 
NO:14), LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), LPIX-19 (SEQ ID NO: 
21), LPIX-20 (SEQ ID NO:22>, LPIX-23 (SEQ ID NO:25 ), and LPIX-26 (SEQ ID 
NO:28); 
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LPIX-4 (SEQ ID NO:6). LPIX-1 1 (SEQ ID NO: 13), LPIX-16 (SEQ ID NO: 18), and 
LPIX-20 (SEQ ID NO:22); 

LPIX-4 (SEQ ID NO:6), LPK-l 1 (SEQ ID NO: 13), LPIX-17 (SEQ ID NO:19), and 
LPIX-20 (SEQ ID NO:22); 
5 LPIX-4 (SEQ ID NO:6), LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), and 
LPIX-20 (SEQ ID NO:22); 

LPIX-5 (SEQ ID NO:7), LPK-l 1 (SEQ ID NO: 13), LPIX-16 (SEQ ID NO:18), and 
LPIX-20 (SEQ ID NO:22); 

LPIX-5 (SEQ ID NO:7), LPK-l 1 (SEQ ID NO: 13), LPK-17 (SEQ ID NO:19), and 
10 LPK-20(SEQIDNO:22); 

LPK-5 (SEQ ID NO:7), LPK-16 (SEQ ID NO:18), LPK-17 (SEQ ID NO:19), and 
LPK-20 (SEQ ID NO:22); 

LPK-11 (SEQ ID NO: 13), LPK-16 (SEQ ID NO:18), LPK-17 (SEQ ID NO:19), and 

LPK-20 (SEQ ID NO:22); 
15 LPK-4 (SEQ ID NO:6), LPK-l 1 (SEQ ID NO: 13), and LPK-20 (SEQ ID NO:22); 

LPK-4 (SEQ ID NO:6), LPK-16 (SEQ ID NO: 18), and LPK-20 (SEQ ID NO:22); 

LPK-4 (SEQ ID NO:6), LPK-17 (SEQ ID NO:19), and LPK-20 (SEQ ID NO:22); 

LPK-5 (SEQ ID NO:7), LPK-l 1 (SEQ ID NO: 13), and LPK-20 (SEQ ID NO:22); 

LPK-5 (SEQ ID NO:7), LPK-16 (SEQ ID NO:18), and LPK-20 (SEQ ID NO:22); 
20 LPK-11 (SEQ ID NO: 13). LPK-16 (SEQ ID NO:18), and LPK-20 (SEQ ID NO:22); 

LPK-11 (SEQ ID NO: 13), LPK-17 (SEQ ID NO: 19), and LPK-20 (SEQ ID NO:22); 

LPK-16 (SEQ ID NO:18), LPK-17 (SEQ ID NO:19). and LPK-20 (SEQ ID NO:22); 

LPK-5 (SEQ ID NO:7), LPK-17 (SEQ ID NO:19), and LPK-20 (SEQ ID NO:22); 

LPK-4 (SEQ ID NO:6), LPK-20 (SEQ ID NO:22): 
25 LPK-5 (SEQ ID NO:7), and LPK-20 (SEQ ID NO:22); 

LPK-6 (SEQ ID NO:8), and LPK-20 (SEQ ID NO:22); 

LPK-11 (SEQ ID NO: 13), and LPK-20 (SEQ ID NO:22); 

LPK-12 (SEQ ID NO:14), and LPK-20 (SEQ ID NO:22); 

LPK-16 (SEQ ID NO:18), and LPK-20 (SEQ ID NO:22); and 
30 LPK-17 (SEQ ID NO:19), and LPK-20 (SEQ ID NO:22). 



23. A composition conq>rising at least one isolated peptide of claim 13 and a 
phannaceutically acceptable carrier or diluent. 
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24. A method of detecting sensitivity to Lol p W in an individual, in vitro^ 
comprising combining a blood sample obtained from the individual with at least one 
peptide of claim 1, under conditions appropriate for binding of blood components 
with the peptide, and determining the extent to which such binding occiirs as 

5/ indicativeof sensitivity in the individual to ryegrass, pollen. 

25. A method of claim 24 wherein the extent to which binding occurs is 

J determined by assessing B cell function, T cell function, T cell proliferation or a 
combination of T cell proliferation and B cell function. 

10 

26. A composition comprising a pharmaceutically acceptable carrier or diluent 
and at least two peptides of claim 1 wherein said composition comprises a sufficient 
percentage of the T cell epitopes of the Lol p V protein allergen such that upon 
administration of the composition to an individual sensitive to Lol /? V, T cells of the 

15 individual become nonresponsive to said Lol p V protein allergen. 

27. A peptide ofclaim 4 modified to improve solubility. 

28. A composition comprising at least one isolated peptide of claim 27. 

20 

29. A composition comprising a pharmaceutically acceptable carrier or diluent 
and at least two peptides, each peptide comprising at least one T cell epitope, wherein 

-^ at least one peptide comprises an amino acid sequence or portion thereof derived 
" from Lol p V which is selected from the group consisting of: LPIX-1 (SEQ ID 

25 iiNO:3), LPK-l.l (SEQ ID NO:3), LPIX-2 (SEQ ED NO:4), LPIX-2.1 (SEQ ID NO: 
4), LPIX-3 (SEQ ID NO:5), LPIX-4 (SEQ ID NO:6) LPK-5 (SEQ ID NO:7), LPIX-6 
(SEQ ID NO:8), LPIX-7 (SEQ ID NO:9), LPIX-8 (SEQ ID NO:10). LPIX-9 (SEQ ID 
NO:ll), LPK-IO (SEQ ID NO:12), LPK-ll (SEQ ID NO:13), LPIX-12 (SEQ ID 
NO:14), LPIX-13 (SEQ ID NO:15), LPIX-14 (SEQ ID NO:16), LPIX-15 (SEQ ID 

30 NO:17), LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19). LPIX-18 (SEQ ID 
NO:20). LPIX-19 (SEQ ID NO:2l), LPIX-20 (SEQ ID NO:22), LPIX-21 (SEQ ID 
NO:23), LPIX-22 (SEQ ID NO:24), LPIX-23 (SEQ ID NO:25), LPIX-24 (SEQ ID 
NO:26), LPIX-26 (SEQ ID NO:28). and LPIX-27 (SEQ ID NO:29) (as shown in Fig. 
2), and wlierein at least one peptide comprises an amino acid sequence or poition 

35 thereof derived from Lol p I which is selected from the group consisting of: LPI-1 
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(SEQ ID NO:30), LPI-1 .1 (SEQ ID NO:31), LPI-2 (SEQ ID NO:32), LPI-3 (SEQ ID 
NO:55), LPI-4 (SEQ ID NO:33). LPI-4.1 (SEQ. ID NO:34), LPI-5 (SEQ ID NO:35), 
LPI-6 (SEQ ID NO:36), LPI-7 (SEQ ID NO:37), LPI-8 (SEQ ID NO:38), LPI-9 
(SEQ ID NO:39), LPI-10 (SEQ ID NO:40), LPI-1 1 (SEQ ID NO:41), LPI-12 (SEQ 
5 ID NO:42), LPI-13 (SEQ ID NO:43), LPI-14 (SEQ ID NO:44), LPI-15 (SEQ ID 
NO:45), LPI-16 (SEQ ID NO:46), I,PI-16.1(SEQ ID NO:47). LPI-17 (SEQ ID 
NO:48), LPI-18 (SEQ ID NO:49), LPM9 (SEQ ID NO:50), LPI-20 (SEQ ID 
NO:56), LPI-21 (SEQ ID NO:51). LPI-22 (SEQ ID NO:52). and LPI-23 (SEQ ID 
NO:S3) (as shown in Hg. 3). 

10 

30. A composition of claim 29 comprising a combination of peptides selected from the 
group of combinations consisting of : 

LPI-16,1, (SEQ ID NO:47). LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
15 (SEQ ID NO:53), LPI-3 (SEQ ID NO:55). LPI-4.1 (SEQ ID NO:34). LPI-10 (SEQ ID 
NO:40), LPI-1 1 (SEQ ID NO:41), LPI-15 (SEQ ID NO:45). LPI-22 (SEQ ID NO:52), 
LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPDC-6 (SEQ ID NO:8), LPIX-8 (SEQ 
ID NO: 10), LPIX-9 (SEQ ID NO: 11), LPK-l 1 (SEQ ID NO:13), LPIX-12 (SEQ ID 
NO:14). LPIX-16 (SEQ ID NO:18). LPIX-17 (SEQ ID NO:19). LPIX-19 (SEQ ID 
20 NO:21),LPIX-20(SEQIDNO:22),LPIX-23(SEQIDNO:25),LPIX-26(SEQID 
NO:28); 

LPI-16.1 (SEQ ID NO:47). LPI-18 (SEQ ID n6:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55). LPI-4.1 (SEQ ID NO:34), LPI-10 (SEQ ID 

25 NO:40). LPI-1 1 (SEQ ID NO:41), LPI-15 (SEQ ID NO:45), LPI-22 (SEQ ID NO:52), 
LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-8 (SEQ 
ID NO: 10), LPIX-9 (SEQ ID NO: 11), LPIX-1 1 (SEQ ID NO: 13), LPIX-12 (SEQ ID 
NO:14), LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), LPIX-19 (SEQ ID 
NO:21), LPIX-20 (SEQ ID NO:22), LPIX-23 (SEQ ID NO:25), LPIX-26 (SEQ ID 

30 NO:28); LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), 

LPIX-9 (SEQ ID NO:ll), LPDC-ll (SEQ ID NO:13), LPIX-12 (SEQ ID NO:14), LPIX-16 
(SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), LPIX-19 (SEQ H) NO:21), LPIX-20 (SEQ 
IDNO:22); 

35 LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-10 (SEQ ID 
NO:40), LPI-1 1 (SEQ ID NO:41). LPI-15 (SEQ ID NO:45). LPI-22 (SEQ ID NO:52), 
LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-9 (SEQ 
ID NO:l 1), LPIX-12 (SEQ ID NO:14), LPIX-16 (SEQ ID NO:18), LPlX-17 (SEQ ID 

40 N0:19), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ID NO:22), LPIX-23 (SEQ ID 
NO:25); 
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LPI-16.1 (SEQ ID NO:47), LPI.18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56). LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI- 10 (SEQ ID 
NO:40), LPI-1 1 (SEQ ID NO:41). LPI-15 (SEQ ID NO:45), LPI-22 (SEQ ID NO:52), 
LPIX-4 (SEQ ID NO:6). LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-12 (SEQ 
5^.. ID NO:14), LPIX-16 (SEQ ID NO: 18), LPIX-17 (SEQ ID NO:19), LPIX-19 (SEQ ID 
NO:21),LPIX-20(SEQIDNO:22); 

. LPI-16.1 (SEQ ID NO:47). LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56)^ LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-10 (SEQ ID 
10 NO:40), LM-1 1 (SEQ ID NO:41), LPI-15 (SEQ ID NO:45), LPI-22 (SEQ ID NO:52), 
I; LPIX-4 (SEQ ID NO:6). LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-16 (SEQ 

ID NO:18), LPIX-17 (SEQ ID NO:19), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ID 
SNO:22); 

15 LPI-16.1 (SEQ ID NO:47). LPI-18 (SEQ ID NO:49). LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-10 (SEQ ID 
NO:40), LPMl (SEQ ID NO:41), LPI-15 (SEQ. ED NO:45). LPI-22 (SEQ ID NO:52); 

LPH6.1 (SEQ ID NO:47). LPI-18 (SEQ ID NO:49). LPI-20 (SEQ ID NO:56), LPI-23 
20 (SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPMO (SEQ ID 
NO:40), LPI-1 1 (SEQ ID NO:41). LPI-15 (SEQ ID NO:45), LPIX-4 (SEQ ID NO:6), 
LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-8 (SEQ ID NO:10), LPIX-9 (SEQ 
ID NO:ll), LPK-ll (SEQ ID NO:l3), LPIX-12 (SEQ ID NO:14), LPIX-16 (SEQ ID 
NO:18), LPK-n (SEQ ID NO:19), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ID 
25 NO:22),LPIX-23(SEQIDNO:25),LPIX-26(SEQIDNO:28); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPMO (SEQ ID 
NO:40). LPM 1 (SEQ ID NO:41). LPI-15 (SEQ ID NO:45), LPIX-4 (SEQ ID NO:6). 
30 LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8). LPIX-9 (SEQ ID NO:l 1), LPIX-1 1 
(SEQ ID NO:13), LPIX-12 (SEQ ID NO:14), LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ 
ID NO:19), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ID NO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
35 (SEQ ID NO:53), LPI-3 (SEQ ID NO:55). LPI-4il (SEQ ID NO:34). LPMO (SEQ ID 
NO:40). LPI-1 1 (SEQ ID NO:41), LPI-15 (SEQ ID NO:45), LPIX-4 (SEQ ID NO:6), 
LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-9 (SEQ ID NO:l 1), LPIX-12 
(SEQ ID NO: 14), LPIX-16 (SEQ ID NO: 18), LPIX-17 (SEQ ID NO: 19), LPIX-19 (SEQ 
ID NO:21), LPIX-20 (SEQ ID NO:22), LPIX-23 (SEQ ID NO:25); 

40 

LPM6.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPMO (SEQ ID 
NO:40). LPI-ll (SEQ ID NO:41), LPI-15 (SEQ ID NO:45), LPIX-4 (SEQ ID NO:6), 
LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-12 (SEQ ID NO:14), LPIX-16 
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(SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ 
IDNO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
5 (SEQIDNO:53),LPI-3(SEQIDNO:55),LPI-4.1(SEQIDNO:34),LPI-10(SEQID 
NO:40), LPI-11 (SEQ ID NO:41), LPI-15 (SEQ ID NO:45), LPIX-4 (SEQ ID NO:6), 
LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-16 (SEQ ID NO:18), LPIX-17 
(SEQ ID NO: 19), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ID NO:22); 

10 LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55). LPI-4.1 (SEQ ID NO:34), LPI-10 (SEQ ID 
NO:40), LPI-11 (SEQ ID NO:41), LPI-15 (SEQ ID NO:45), LPIX-4 (SEQ ID NO:6), 
LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-16 (SEQ ID NO:18), LPIX-17 
(SEQ ID NO: 19), LPIX-20 (SEQ ID NO:22); 

15 

LPI-16.1 (SEQ ID NO:47), LPI-1 8 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPIX-4 (SEQ ID 
NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-8 (SEQ ID NO: 10), LPI- 
11 (SEQ ID NO:41), LPK-ll (SEQ ID NO:13). LPIX-12 (SEQ ID NO: 14), LPIX-16 
20 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ 
IDNO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPIX-4 (SEQ ID 
25 NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8). LPIX-9 (SEQ ID NO:l 1), 

LPK-ll (SEQ ID NO:13), LPIX-12 (SEQ ID NO:14), LPIX-16 (SEQ ID NO:18), LPIX- 
17 (SEQ ID NO: 19), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ID NO:22); 
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LPI-16.1 (SEQ ID NO:47), LPl-18 (SEQ ID NO:49), LPI-20 (SEQ ID NQ;56), LPI-23 
(SEQ ID NO:53). LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPIX-4 (SEQ ID 
NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-9 (SEQ ID NO:l 1). 
? LPIX-12 (SEQ ID NO:14). LPIX-16 (SEQ ID N0:18), LPIX-17 (SEQ ID N0:19), LPK- 
5 ^& 19 (SEQ ID NO:21), LPIX-20 (SEQ ID NO:22), LPIX-23 (SEQ ID NO:25); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ED NO:56), LPI-23 
; (SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPIX-4 (SEQ ID 
' NO:6), LPIX-5 (SEQ ID NO:7), LPK-6 (SEQ ID NO:8), LPIX-12 (SEQ ID NO:14), 
10 LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), LPIX-19 (SEQ ID NO:21), LPK- 
S20(SEQIDNO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53). LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPIX-4 (SEQ ID 
15 NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-16 (SE(2 ID NO:18), 
LPIX-17 (SEQ ID NO:19), LPIX-19 (SEQ ID NO:21X LPIX-20 (SEQ ID NO:22); 

. LPI-16.1 (SEQ ID NO:47). LPI-18 (SEQ ID Nb:49), LPI-20 (SEQ ID NO:56). LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPIX-4 (SEQ ID 
20 NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), LPIX-16 (SEQ ID NO:18)i 
LPIX-17 (SEQ ID NO:19), LPIX-20 (SEQ ID NO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-22 (SEQ ID 
25 NO:52), LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), 

LPIX-8 (SEQ ID NO:10), LPIX-9 (SEQ ID NO:ll), LPDC-ll (SEQ ID NO:13), LPrX-12 
(SEQ ID NO:14), LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), LPIX-19 (SEQ 
ID NO:21), LPIX-20 (SEQ ID NO:22), LPIX-23 (SEQ ID NO:25), LPIX-26 (SEQ ID 
JSrO:28); 

30 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-22 (SEQ ID 
NO:52), LPIX-4 (SEQ ID NO:6), LPIX-5 (SE<j ID NO:7), LPIX-6 (SEQ ID NO:8), 
LPIX-9 (SEQ ID NO:ll), LPK-ll (SEQ ID NO:13), LPIX-12 (SEQ ID NO:14), LPIX-16 
35 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ 
IDNO:22); 
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LPI-16.1 (SEQID NO:47).LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-22 (SEQ ID 
NO:52), LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), 
LPIX-9 (SEQ ID N0:11), LPIX-12 (SEQ ID NO:14), LPIX-16 (SEQ ID NO:18), LPIX-17 
5 (SEQ ID NO:19). LPIX-19 (SEQ ID NO:21). LPIX-20 (SEQ ID NO:22), LPIX-23 (SEQ 
ID NO:25); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-22 (SEQ ID 
10 NO:52), LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPlX-6 (SEQ ID NO:8), 

LPIX-12 (SEQ ID NO:14), LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19X LPIX- 
19 (SEQ ID NO:21), LPIX-20 (SEQ ID NO:22); 

LPI-16.1 (SEQ ID NO:47). LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
15 (SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-22 (SEQ ID 
NO:52), LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), 
LPIX-16 (SEQ ID NO: 18), LPIX-17 (SEQ ID NO: 19), LPIX-19 (SEQ ID NO:21), LPIX- 
20 (SEQ ID NO:22); 

20 LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPI-3 (SEQ ID NO:55), LPI-4.1 (SEQ ID NO:34), LPI-22 (SEQ ID 
NO:52), LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8), 
LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), LPIX-20 (SEQ ID NO:22); 

25 LPI-16.1 (SEQ ID NO:47). LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID 
NO:8), LPIX-8 (SEQ ID NO:10), LPIX-9 (SEQ ID NO:ll), LPK-ll (SEQ ID NO:13), 
LPIX-12 (SEQ ID NO:14), LPIX-16 (SEQ ID NO: 18), LPIX-17 (SEQ ID NO:19), LPIX- 
19 (SEQ ID NO:21), LPIX-20 (SEQ ID NO:22). LPIX-23 (SEQ ID NO:25). LPIX-26 

30 (SEQ ID NO:28); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7). LPIX-6 (SEQ ID 
NO:8), LPIX-9 (SEQ ID NO:l 1), LPIX-1 1 (SEQ ID NO:13), LPIX-12 (SEQ ID NO:14), 
35 LPIX-16 (SEQ ID NO: 18), LPIX-17 (SEQ ID NO: 19), LPIX-19 (SEQ ED NO:21), LPIX- 
20 (SEQ ID NO:22); 

LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID 
40 NO:8), LPIX-9 (SEQ ID NO:ll), LPIX-12 (SEQ ID NO:14), LPIX-16 (SEQ ID NO:18), 
LPIX-17 (SEQ ID NO: 19), LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ID NO:22), LPIX- 
23 (SEQ ID NO:25); 



45 



LPI-16.1 (SEQ ID NO:47), LPI-18 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
(SEQ ID NO:53), LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID 
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NO:8X LPIX.12 (SEQ ID NO:14X LPIX.16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), 
LPIX-19 (SEQ ID NO:21), LPIX-20 (SEQ ID NO:22); 

LPM6.1 (SEQ ID NO:47), LPH8 (SEQ ID NO:49), LPIf20 (SEQ ID NO:56), LPI-23 
5 (SEQ ID NO:53), LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID 
NO:8), LPIX-16 (SEQ ro NO:18), LPK-17 (SEQ NO:19), LPIX.19 (SEQ ro NO:^^^^^^^ 
LPIX.20 (SEQ ID NO:22); and 

^ LPM6.1 (SEQ ID NO:47), LPH8 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56), LPI-23 
10 (SEQ ID NO:53), LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID 

NO:8), LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), LPIX-20 (SEQ ID NO:22), 

31. A composition conq>rising at least f our» and no more than eight peptides, wherein 
at least two, and no more than four peptides are derived from Lol p V and are selected 

15 from the following group of Lol pY peptides: LPIX-4 (SEQ ID NO:6), LPIX-5 (SEQ ID 
NO:7), LPIX-6 (SEQ ID NO:8), LPK-l 1 (SEQ ID NO: 13), LPIX-12 (SEQ ID NO:14), 
LPIX-16 (SEQ ID NO:18), LPIX-17 (SEQ ID NO:19), and LPIX-20 (SEQ ID NO:22), 
and wherein at least two, and no more tlian four peptides are derived from Lol p I and are 
selected from the following group of Lol p I peptides: LPI-16 (SEQ ID NO:46), LPI-18 

20 (SEQ ID NO:49), LPI-20 (SEQ ID NO:56) and LPI-23 (SEQ ID NO:53). 

32. A composition of claim 31 wherein two peptides are derived from Lol p I and three 
peptides are derived from Lol pV. 

25 33. A composition of claim 31 wherein three peptides are derived from Lol p I and 
^ three peptides are derived from Lf>//? V 

34. A composition of claim 31 wherein three peptides are derived from Lol p I and 
four peptides are derived from Lo/ p V. 

30 

35. A composition of claim 31 wherein four peptides are derived from Lol p I and four 
peptides are derived from Lol p V. 

36. A composition of claim 31 wherein four peptides are derived from Lol p I and 
35 three peptides are derived from Lol p V. 
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37, Use of a composition of claims 21, 22, 23, 26, 28, 29, 30, or 31-36 in the 
manufacture of a medicament for use in treating sensitivity to Lol p V allergen or an 
inununologically cross-reactive aUergra. 

5 38. An isolated peptide of Lol p V, said peptide comprising a? least one T cell epitope 
of Lol p V, said peptide having a positivity index of at least 60 and a mean T cell 
stimulation index of at least about 2.5 determin'ed in a population of individuals sensitive 
toLolpY. 

10 39. An isolated peptide of claim 38 wherein said population of individuals is at least 
15 individuals. 

40. A portion of an isolated peptide of claim 38 wherein said portion has a positivity 
index of at least 60 and a mean T cell stimulation index of at least about 2.5 determined in 

15 a population of individuals sensitive to p V. 

41 . An isolated peptide of claim 40 wherein said population of individuals is at least 
15 individuals. 

20 42. All or a portion of an isolated peptide of Lol p /, said peptide or portion 
thereof comprising at least one T cell epitope of said protein allergen, said peptide 
having the formula Xj^- Y-Zqj, wherein Y is an amino acid sequence selected £rom the 
group consisting of: LPK-l (SEQ ID NO:3), LPIX-1.1 (SEQ ID NO:3), LPIX-2 
(SEQ ID NO:4), LPIX-2.1 (SEQ ID NO: 4), LPIX-3 (SEQ ID NO:5), LPIX-4 (SEQ 

25 ID NO:6) LPIX-5 (SEQ ID NO:7), LPIX-6 (SEQ ID NO:8). LPIX-7 (SEQ ID NO:9), 
LPIX-8 (SEQ ID NO:10), LPIX-9 (SEQ ID NO:ll), LPDC-IO (SEQ ID NO:12), 
LPK-l 1 (SEQ ID NO: 13). LPIX-12 (SEQ ID NO: 14), LPIX-13 (SEQ ID NO: 15), 
LPIX-14 (SEQ ID NO: 16), LPIX.15 (SEQ ID NO:17), LPIX-16 (SEQ ID NO:18), 
LPIX-n (SEQ ID NO:19), LPIX-18 (SEQ ID NO:20), LPIX-19 (SEQ ID NO:21), 

30 LPIX-20 (SEQ ID NO:22), LPIX-21 (SEQ ID NO:23), LPIX-22 (SEQ ID NO:24), 
LPIX-23 (SEQ ID NO:25), LPIX-24 (SEQ ID NO:26), LPIX-26 (SEQ ID NO:28), 
and LPIX-27 (SEQ ID NO:29) wherein Xn are amino add residues contiguous to the 
amino terminus of Y in the amino acid sequeiice of said protein allergen, wherein Zm 
are amino add residues contiguous to the caxfooxy terminus of Y in the amino acid 

35 sequence of said protein allergen, wherein n is 0-30 and wherein m is 0-30. 
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43. A portion of an isolated peptide of claim 42 wherein the portion comprises at least 
fifteen amino acid residues. 

44. An isolated nucleic acid having a nucleotide sequence coding for Dac g I, or the 
S functional equivalent of said nucleotide sequence. 

45. An isolated nucleic acid sequence of claim 44 wherein said nucleotide sequence 
comprises the nucleotide sequence of Fig. 16. 

10 46. An expression vector comprising a nucleotide sequence coding for Dac g I, or the 
functional equivalent of said nucleotide sequence. 

47. A host cell transformed to express a protein encoded by the nucleic acid of claim 

.'44. 

15 

48. Isolated Dac g I protein produced in a host cell transformed with tiie nucleic acid 
of claim 44. 
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1 


ADAGYTXJUkAATXA.TXAATX 


I.IX- 


1.1 


ADA6YTPAAAATPATPAATP 


LJX- 


2 


ATXATXAATXAAA66KATTD 


ZiZX- 


2.1 


ATPATPAATPAAAGOKATTD 


Z.IX- 


3 


AAAGGKATTDEQKIfliEDVNA 


ZiZX- 


4 


EQKIiIiEDVNAGFKAAVAAAA 


Z.ZX- 


•5. 


GFKAAVAAAAN21PPADKFKZ 


IiZX- 


6 


NAPPADKFKIFEAAFSESSK 


ZiZX- 


7 


FEAAFSESSKGLLATSAl^KA 


ZiZX- 


8 


6I.IJITSAAKAP6LZPKLDTA 


LIX- 


9 


PGLZPKLDTAYDVAYKAAEG 


I.ZX- 


10 


YDVAYKAAEGATPEAKYDAF 


IiZX- 


11 


ATPEAKYDAFVTAIiTEAIiRV 


IiZX- 


12 


VTAIiTEALRVZAGAZ«EVHAV 


I.ZX- 


13 


ZAGAZ.EVHAVKPATEEVPAA 


ZiZX- 


14 


KPATEEVPAAKZPTGELQZV 


I.ZX- 


15 


KZPTGELQZVDKZDAAFKZA 


LZX- 


16 


DKZDAAFKZAATAANAAPTN 


ZiZX- 


17 


ATAANAAPTNDKFTVFESAF 


ZiZX- 


18 


DKFTVFESAFNKAIJ3ECTGG 


I.ZX- 


19 


MKAIiNECTGGAYETYKFZPS 


I.ZX- 


20 


AYETYKFZPSLEAAVKQAYA 


LZX- 


21 


LEAAVKQAYAATVAAAPEVK 


liZX- 


22 


ATVAAAPEVKYAVFEAALTK 


ZiZX- 


23 


YAVFEAAIiTKAZTAMTQAQK 


IiZX- 


24 


AZTAMTQAQKAGKPAAAAAT 


ZilX- 


25 


AGKPAAA2VATGAATVATGAA 


LIX- 


26 


GAATVATGAATAAAGAATAA 


IiZX- 


27 


TAAAGAATAAAGGYKA 
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PEPTIDE NAME PEPTIDE SEQUENCE 

LPI-1 ZAKVPPGPNITAEYGDKWIiD 

LPI > 1 . 1 IAKVXPGXNZTAEY6DKWI.D 

IiPZ-2 TAEYGDKWZiDAKSTWYGKPT 

I.PI-3 ARSTWYGKPTGAGPKDNGGA 

LPI-4 GilGPKDNGGACGYKMVBKAP 

LPZ-4.1 GAGPKDNGGAC6YKDVDKAP 

:LPI-5 CGYKDVDKAPFNGMTGCGNT 

LPI-6 FNGHTGCGNTPIFKDGRGCG 

LPI-7 PIFKDGRGCGSCFEIKCTKP 

LPI-8 SCFEIKCTKPESCSGEAVTV 

LPI-9 ESCSGEAVTVTZTDDMEEPZ 

IiPZ-10 TZTDDNEEPZAPYHFDIiSGH 

LPZ-11 APYEFDZiSGHAFGSMADDGE 

IiPZ-11.1 APYHFDLSGHAFGSMAKKGE 

LPZ-12 AFGSMADDGEEQKUISAGEL 

Z«PZ-12.1 AFGSMAKKGEEQKUISAGEI. 

IjPZ-13 EQKLRSAGELEIiQFRRVKCK 

IiPZ>14 ELQFRRVKCKYPDDTKPTFH 

^IiPZ-15 YPDDTKPTFHVEKASNPNYIj 

;LPZ-16 VEKASNPNYIiAZLVKYVDGD 

IjPZ-ie.l VEKGSNPNYLAZZ.VKYVDGD 

IiPZ-17 AZLVKYVDGDGDWAVDZKE 

IiPZ-18 GDWAVDZKEK6KDKWZEIJC 

I«PZ-19 KGKDKWZELKESWGAVWRZD 

LPZ-20 ESWGAVWRZDTPDKLTGPFT 

LPZ-21 TPDKLTGPFTVRYTTE66TK 

LPZ-22 VRYTTEGGTKSEVEDVZPEG 

LPZ-23 SEVEDVZPEGWKADTSYSAK 



Fig. 3 
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